Biomass yield and nutritive value of sweet lupine in mid altitudes of Lemo District, Hadiya Zone, southern Ethiopia by Tessema, F.
BIOMASS YIELD AND NUTRITIVE VALUE OF SWEET LUPINE IN 





























BIOMASS YIELD AND NUTRITIVE VALUE OF SWEET LUPINE IN 





A Thesis Submitted to the Department of Animal and Range Sciences, 












Major Advisor: Kassa Shawle (Ph.D.) 










SCHOOL OF GRADUATE STUDIES 
WOLAITA SODO UNIVERSITY 
As thesis research advisor, I hereby certify that I have read and evaluated this thesis prepared 
under my guidance by Fikadu Tessema Riga  entitled Biomass Yield and Nutritive Value 
of Sweet Lupine in Mid Altitudes of Lemo District, Hadiya Zone, Southern Ethiopia. I 
recommend that it be submitted as fulfilling the thesis requirement. 
Kassa Shawle (PhD)                      _______________                   _________________ 
Major Advisor                                  Signature                                       Date 
 
Melkamu Bezabih (PhD)              ________________                   ________________ 
 Co-advisor                                      Signature                                   Date 
 
As member of the board of examiners of the MSc thesis open defense examination, We certify 
that we have read, evaluated the thesis  prepared by Fikadu Tessema Riga  and examined the 
candidate. We recommended that the thesis  be accepted as fulfilling the thesis requirement for 
the degree of Master of Science in Animal Nutrition.                      
 
______________________                  _________________           _________________ 
Chairperson                                                   Signature                             Date 
 
______________________                     _________________            _________________ 
Internal Examiner                                           Signature                             Date 
 
______________________                       _________________           ________________ 







I dedicate this thesis manuscript to my beloved mother Adanech Kinato and my friendies for 





STATEMENT OF THE AUTHOR 
 
By my signature below, I declare and affirm that this thesis  is my own work. I have followed 
all ethical principles of scholarship in the preparation, data collection, data analysis and 
completion of this thesis. All scholarly matter that is included in the thesis has been given 
recognition through citation. I affirm that I have cited and referenced all sources used in this 
document. Every serious effort has been made to avoid any plagiarism in the preparation of 
this thesis. 
 
This thesis  is submitted in partial fulfillment of the requirement for a degree from the School 
of Graduate Studies at Wolaita Sodo University. The thesis is deposited in Wolaita Sodo 
University Library and is made available to borrowers under the rules of the library. I 
solemnly declare that this thesis has not been submitted to any other institution anywhere for 
the award of any academic degree, diploma or certificate. 
 
Brief quotations from this thesis may be used without special permission provided that 
accurate and complete acknowledgement of the source is made. Requests for permission for 
extended quotations from, or reproduction of this thesis  in whole or in part may be granted by 
the head of the School or Department or the Dean of the School of Graduate Studies when in 
his or her judgment the proposed use of the material is in the interest of scholarship. In all 
other instances,however,permission must be obtained from the author of the thesis. 
 
Name: Fikadu Tessema                        Signature………………………....Date……………….. 





LIST OF ACRONYMS AND ABBREVIATIONS 
 
ADF                       Acid Detergent Fiber  
ANFs            Anti-Nutritional Factors  
ANOVA           Analysis of Variance  
AOAC                     Association of Analytical Chemists 
LBoA            Lemo Bureau of Agriculture 
CF            Crude Fiber  
CP            Crude Protein  
DAP            Di Ammonium Phosphate 
DM            Dry Matter 
ECSA                      Ethiopian Central Statistical Agency 
EFSA                       European Food Safety Authority 
GGI                         Good Grains International 
HSW            Hundred seed weight  
ILRI            International Livestock Research Institute 
Kg            Kilogram 
Kg/ha            Kilogram per hectare 
LSD            Least Significant Difference  
ME            Metabolisable Energy 
mg            Milligram 
MJ            Mega Joule 
Mm            Millimeter 
N            Nitrogen 
NDF            Neutral Detergent Fiber 
NFE            Nitrogen Free Extract 
q/ha                         Quintal per hectar 
SAS                        Statistical Analysis System 
SPSS            Statistical Package for Social Science 







Fikadu Tessema, the author, was born in  Butajira town, Southern Regional State in 1986. He 
started his elementary school education at Mekicho Millennium Elementary School in 1995, 
and completed his elementary in June 2004 and he completed his High and Preparatory School 
at Butajira High and Preparatory School from September 2004 to June 2007. Then, he joined 
Jimma University, College of Agriculture and Veterinary Medicine in 2008, and graduated 
with Bachelor of Science (BSc) degree in Agriculture (Animal Science) in June, 2011. 
 
After graduation, he joined the Ministry of Agriculture of the Southern Nations and 
Nationalities Regions in the Guraghe Zone at Butajira between July 2011 and June 2012.From 
June 2012 to August 2014, he was working at South Agricultural Research Institute, Worabe 
Agricultural Research Center in the position of Animal Feed and Feeding improvement 
projects in research areas  of Ethiopia and as Animal Research Core Work Process 
Coordinator. 
 
From September 2014 to July 2016, he was working at International Livestock Research 
Institute (ILRI) in position Assistance Research Site Coordinator for Africa Research in 
Sustainable Intensification for Next Generation Project (Africa RISING Project) in Southern 
Ethiopia. Finally, he joined the School of Graduate Studies of Wolaita Sodo University in 







First and above all, I must thank the almighty God for granting me strength and health to stand 
firm in my all ups and downs to bring me out his humble piece of work in to light. 
 
Special thanks and heart felt appreciation goes to my  major advisor  Dr. Kassa Shawle from 
Wolaita Sodo University and co-advisor and Dr. Melkamu Bezabih from International 
Livestock Research Institute (ILRI)  for their  keen and unreserved support, supervision, 
friendly treatment, critical remarks, and encouragement and without their help, the success of 
this work would have not been possible. 
 
I am indebted to Africa Research in Sustainable Intensification for Next Generation Project 
(Africa RISING Project) for covering the laboratory analysis expense and facilities needed for 
my research work. I am grateful to Lemo Wereda office of Agriculture for all their 
cooperation and generous response to requests for experimental sites and data collection.  
 
I would like to express my deep gratitude from the inner core of my heart to my mother W/o 
Adanech Kinato, my sister  W/o  Mehuba Mohammod and my cousin Simeneh Tesfaye who 
cultivated and brought me up with delight and strong moral support throughout my academic 
career. 
 
I am deeply grateful to my friends  Yakob Bonke, Ermias Gugsa, Marshet Belayneh, Shimelis 
Mohammod, Melese Mulugeta and Fikadu Amare that showed strong commitment of 
friendship and support given to me during my study at Wolaita Sodo. 
 








TABLE OF CONTENTS 
 
DEDICATION iv 
STATEMENT OF THE AUTHOR v 
LIST OF ACRONYMS AND ABBREVIATIONS vi 
BIOGRAPHICAL SKETCH vii 
ACKNOWLEDGEMENT viii 
LIST OF TABLES xi 
ABSTRACT xii 
1. INTRODUCTION 1 
2. REVIEW OF LITERATURE 4 
2.1. Lupine 4 
2.1.1. Distribution and ecology 4 
2.1.2. Domstication history of lupine 5 
2.1.3. Chemistry and nutrition 6 
2.1.3.1. Chemical composition of lupine grain 8 
2.1.3.2. Anti-nutritional compounds and toxicity of lupine grain 8 
2.2. Production and Utilization of White Lupine in Ethiopia 9 
2.2.1. White lupine in Ethiopia 9 
2.2.2. Use of white lupine 10 
2.3. Agronomic Performance, Yield and Yield Component of Sweet Lupine 12 
3. MATERIALS AND METHODS 16 
3.1. Description of the Study Area 16 
3.2. Varity Description 16 
3.3. Experimental Design and Treatments 16 
3.4. Land Preparation and Management Practice 17 
3.5 Data  Collection and Sampling Techniques 17 
3.5.1 Physiological data 18 






TABLE OF CONTENTS (Continued) 
 
3.6 Statistical Analyses 21 
4. RESULTS AND DISCUSION 22 
4.1 Physiological Parameters of Sweet lupine 22 
4.1.1 Days to emergence, 50% and 100% flowering, first pod seting,pod filling and full 
maturity and number of stands 22 
4.1.2 Plant height,number of nodules,green forage and forage dry matter yield 25 
4.2 Chemical Composition and Digestibility of Sweet Lupine Forage 29 
4.2.1 Chemical composition of sweet lupine forage 29 
4.2.1.1 Dry matter,organic matter,total ash and acid detergent fiber content of sweet 
lupine forage 29 
4.2.1.2 Crude protein, neutral detergent fiber, acid detergent lignin and metabolizable 
energy content of sweet lupine forage 31 
4.2.2 In vitro digestibility of sweet lupine forage 35 
4.3 Yield and Yield Components of Sweet Lupine 36 
4.4  Chemical Composition and in vitro Digestibility of Sweet lupine Grain 39 
4.5 Pearson Correlations between Agronomic Performance and Chemical Composition of 
Sweet Lupine 40 
4.5.1 Pearson correlations between agronomic attributes and forage yield of sweet lupine
 40 
4.5.2 Pearson correlations between agronomic attributes and chemical composition of 
sweet lupine forage 41 
4.5.3 Pearson correlations between agronomic attributes and grain yield of sweet lupine42 
5  SUMMARY , CONCLUSION AND RECOMMENDATIONS 44 






LIST OF TABLES 
Table                                                                                                                                     Page 
 1. The agronomic and yield attributes of white lupine under broomrapes infested field of Ofla 
district, Tigray  .......................................................................................................................... 13 
2. Least square means for forage yield (t/ha) from an adaptation trial of seven white, eight 
narrow-leafed (NL), and one yellow lupine accessions at two locations in Ethiopia  .............. 15 
3. Effects of locaition, variety, spacing and their interaction on days to 50% and 100% 
flowering, first pod setting, pod filling and full maturity and number of stands ...................... 23 
4. Effects of location, sapacing and stage of flowering interaction on  plant height(cm), 
number of nodules, green forage yield(t/ha) and forage dry matter yield(t/ha) ........................ 27 
5. Effects of location, variety and stage of flowering interaction on dry matter, organic matter, 
total ash, acid detergent fiber and acid detergent lignin ............................................................ 30 
6. Effects of location, sapcing, stage of flowering and their interaction on crude protein, 
neutral detergent fiber, acid detergent lignin and metabolizable energy content of sweet lupine 
forage ......................................................................................................................................... 34 
7. Effects of location and spacing on in-vitro organic matter digestibility of sweet lupine 
forage ......................................................................................................................................... 35 
8. Effects of location, spacing and their interaction on plant height, pod length, number of 
pods per plant, number of seeds per pod, grain and straw yield and hundred seed weight ....... 37 
9. Effects  of  location, variety, spacing and their interactions  on  crude protein and 
metabolizable energy content of sweet lupine grain ................................................................. 39 
10.  Pearson correlations between agronomic attributes of two sweet lupine varieties ............ 41 
11. Pearson correlations between agronomic attributes and forage chemical composition for 
two sweet lupine varieties ......................................................................................................... 42 
12. Pearson correlations between agronomic attributes of two sweet lupine varieties at 








BIOMASS YIELD AND NUTRITIVE VALUE OF SWEET LUPINE IN 




The study was conducted to determine the biomass yield and nutritive value of sweet lupine 
varities in mid altitudes of lemo district, hadiya zone, southern Ethiopia. The study involved a 
factorial experiment arranged in a randomized complete block design with three replications. 
The treatments for the study were two sweet lupine varieties (Vitabore (V1) and Sanabore 
(V2), six levels of Planting spacing (30cmx7cm (S1), 40cmx7cm (S2), 30cmx15cm (S3), 
40cmx15cm (S4) 30cmx20cm (S5) and 40cmx20cm (S6) and two locations (Upper gana and 
Jewe kebeles). Agronomic attributes, yield, chemical composition, and in vitro digestibility 
values were studied. The data were subjected to analysis of variance and correlation analysis. 
Sweet lupine varieties in Upper gana kebele gave the highest green forage yield (39.58 t/ha) 
and forage dry matter (4.84 t/ha) at 30 cm x 7cm planting spacing. Grain yield (GYD) was 
significantly (P<0.001) affected by location, being 2.98 t/ha at Upper gana, and  2.15 t/ha at 
Jewe. Vitabor in Jewe kebele gave higher forage DM content (15.63%) while sanabor had 
higher forage ADF content (38.86 %) in Upper gana kebele. Sweet lupine forage in Jewe 
kebele gave the highest organic matter (87.01%) and acid detergent fiber (37.50 %) content at 
stage of 100 % flowering respectively. The effect of location (L), stage of flowering (SF) and 
planting spacing(S) on sweet lupine forage crude protein (CP) content was highly significant 
(P < 0.01). Metabolizable energy content of sweet lupine forage was significantly (P < 0.01) 
affected by both location and stage of flowering. Sweet lupine forage in Upper gana kebele 
gave the highest CP content (23.11%) while sweet lupine varieties at 50% flowering had the 
highest forage CP content (23.03%). The highest forage CP content was recorded in sweet 
lupine which was planted at 40 cm × 20 cm (23.67 %). The highest metabolizable energy 
content was obtained in Jewe kebele (9.31MJ/kg) and at stage of 100% flowering (9.44MJ/kg). 
In vitro organic matter digestibility (IVOMD) of sweet lupine forage was highly affected (P < 
0.01) by both location (L) and planting spacing (S). Sweet lupine forage gave the maximum in 
vitro OM digestibility (68.15%) in Upper gana kebele while planting at a spacing of 40x20 cm 





content and in vitro organic matter digestibility (IVOMD) was highly (P<0.01) affected by 
location. The highest CP (29.11%) content and IVOMD (80.49%) sweet lupine grain recorded 
in Upper gana kebele. 
 








Feed is the most important input in livestock production and it`s adequate supply (in quality & 
quantity) throughout the year is an essential prerequisite for substantial expansion in livestock 
production (Samuel et al., 2008). However, shortage of feed supply in terms of quantity and 
quality is the main factor limiting livestock productivity  in Ethiopia (Adugna, 2008). 
Livestock feed resources in Ethiopia are mainly come from natural grasslands, crop residues 
and browses followed by agro-industrial by products, forage crops and improved pastures 
(Alemayehu, 2003). The nutritive value of crop residues is inherently low. In addition, the 
quality and productivity of natural pasture especially during the dry season is low. These feed 
resources are low in crude protein (CP), vitamin and metabolizable energy (ME) content. As a 
result, livestock productivity and reproductive efficiency in Ethiopia is low (Yenesew et al., 
2015).  
 
Agro-industrial by-products are high in nutritive value, but they are expensive and less 
accessible to the small-holder farmers in rural areas. Therefore, looking for other alternative 
home grown protein supplements is crucial to improve livestock production and productivity. 
Growing and using legume crops like sweet lupine that have high nutritive value is one option 
to solve this problem (Yenesew et al., 2015). 
 
Lupine (locally in Amharic known as “Gibto” in Ethiopia) is widely used to describe the 
seeds of different domesticated Lupineus species. Lupines are members of the genus Lupineus 
L. in the legume family (Fabaceae). Taxnomically, lupin belongs to the class of 
Magnoliophyta (Angiospermae), subclass Magnoliatae (Dicotyledoneae) and order Fabales 
(Kurlovich, 2002). Lupine is a cool season crop, relatively tolerant to spring frost, adapted to 
well-drained, coarsely textured, and neutral to acidic soils (Putnam et al., 1991). Its seeds are 
employed as a protein source for animal and human nutrition in various parts of the world 
(Kohajdova et al., 2011). Lupine grain contains high amount of protein (32.2%), fiber 
(16.2%), oil (5.95%) and sugar (5.85%) (Erbas et al., 2004). Lupine  is produced by 





A total land area of about 22,355 hectares is covered by lupine  from which a total volume of 
about 230,459 quintals of grains are obtained from private peasant holdings (ECSA, 2014). 
 
Eventhogh, lupine has immense potential for feed, food and soil fertility maintenance, the 
Ethiopian local lupine cultivation, genetic improvement and utilization remains far behind as 
compared to the other pulse crops (Likawent et al., 2010). Little is known about the nutritional 
value, physicochemical and functional properties of the crop. Besides little information is 
available for farmers, processors and end-users in utilization of the resource capacity of lupine 
seeds in the Ethiopian context (Tizazu and Shimelis, 2010). This information gap does not 
allow intensive and extensive utilization of lupine as a value added product in the country. 
 
Lupin grain has a potential to grow in marginal lands where other food crops do not. It can be 
stored for long period without deteriorating in quality and this allows using it in the period of 
feed scarcity. Lupine seed storage and handling is easy as it is hardly attacked by pests. The 
only requirement for storage is dry condition that enables its storage for about four to ten years 
without deterioration in quality. Another important feature is that lupine grain is the cheapest 
grain legume in the lupine producing areas of Ethiopia (Likawent et al., 2010).  Although 
bitter white lupine is a traditional pulse crop in Ethiopia, sweet lupine is a new crop to the 
country. 
 
Adaptability and productivity of forage legumes differs from place to place depending on 
several environmental and socio-economic factors. To alleviate the feed quality and quantity 
problem, demonstration and development of different legume crops are important for livestock 
production. To be competitive in today’s market, the modern livestock producers must 
constantly innovate and look for new production techniques and tools. So, introduction, 
evaluation and supplementation of high quality legumes like sweet lupine plays important role 
in livestock production improvement. Sweet cultivars of lupine are used for livestock and 
human consumption. The seed composition and high protein content make the sweet cultivars 
highly suitable for livestock diets, in intensive farming systems. Generally, lupine which is the 
neglected legume crop has immense potential for feed, food and soil fertility maintenance in  





value of sweet lupine in mid altitudes of Lemo District, Hadiya Zone, Southern Ethiopia, With 
the following specific objectives: 
 
 To evaluate the effect of planting space on two sweet lupine varieties (vitabor and sanabor)  on  
biomass and grain yield in mid altitude of Lemo District, Hadiya Zone, Southern Ethiopia 
 To analyze the effect of different harvesting stages on yield and quality of two sweet lupine 
varieties in the study area 
 To compare the nutritional quality of the fresh forage and grain of two sweet lupine varieties  












2. REVIEW OF LITERATURE 
 
2.1. Lupine  
 
2.1.1. Distribution and ecology 
 
The genus of lupine comprises between 200 to 600 species with greater diversity in South 
America and Western North America, in the Mediterranean region along with Africa 
(Gladstones et al., 1998). Lupin is traditional pulse crop, grown  around the Mediterranean and 
in the Nile valley, extending to Sudan and Ethiopia (Jansen, 2006).  In their natural 
environment lupines grows on poor, sandy soils and rarely on calcareous or alkaline soils. 
Lupines also require pH conditions under 6.8 and cannot grow in soils with medium to high 
content of lime (Gladstones et al., 1998). 
 
Lupines are a cool season crop so are cold tolerant and survive frosts up to -9 ºC. Lupines 
varieties which are not selected do not show a great cold resistance, but there are varieties 
selected which have had positive responses to frost with mortality rates below 15% in extreme 
temperatures up to -14 ºC (Kurlovich, 2002). These improved varieties are valid for autumn 
sowing. The different species grow well in temperatures between 10 and 14 ºC, with optimum 
temperatures between 20 and 25 ºC, and with negative effects in their growth with 
temperatures above 29 ºC. High temperatures can reduce growth, increase flower or pod 
abortion and reduce yield. Cold sensitivity depends on the stage of the plant, supporting better 
low temperatures in rosette stage being much more susceptible in a stage of flowering 
(Kurlovich, 2002). 
 
Lupines are sensitive to heat and water stress during flowering and pod fill, so the planting 
should occur as early in the spring as possible to encourage flowering and branching. 
However, if we make the plantation very early, cold temperatures can affect the seed or 
seedling, plant growth, plant height, days to maturity, and finally yield can be reduced 
(Carvalho et al., 2005). Production is limited by the variation in the amount and distribution of 





most limiting factors for seed growth. Depending on the sensitivity to stress level of the plant, 
this will be more or less tolerable to water deficiency (Carvalho et al., 2005). 
 
In Australia some of these crops (L. angustifolius, L. albus and L. luteus) are grown in regions 
of winter dominant rainfall and are sown in autumn. In Northern Europe the same lupine 
species are spring sown and grown over summer with the season start dictated by soil 
temperature for germination (Carvalho et al., 2005). Grain quality depends by the rate and 
duration of grain filling, which is a process that happens after the period during a flower is 
fully open and functional. The availability of assimilates and photosynthesis are crucial for 
proper development process (Carvalho et al., 2005). The flowers attract insects with their 
color, presence of pollen and secretion of a scented liquid from the vexillum. Lupine flowers 
are self-fertile, self-pollinated, but some of them are predisposed to cross-pollination. There 
are species which are almost exclusively self-pollinated, such as L. Angustifolius, and self-
pollinated with facultative cross-pollination (Kurlovich, 2002). 
 
2.1.2. Domstication history of lupine 
 
Lupine cultivation is at least 2,000 years old and most likely began in Egypt or in the 
Mediterranean region (Putnam et al., 1989). The lupine plant, like other grain legumes (beans, 
peas and lentils) fixes atmospheric nitrogen, and produces seed high in protein. Historically, 
lupine alkaloids have been removed from the seed by soaking. But plant breeders in the 1920's 
in Germany produced the first selections of alkaloid free or "sweet" lupine, which can be 
directly consumed by humans or livestock (Putnam et al., 1989). White lupine (L. albus L.), 
yellow lupine (L. luteus), and blue or narrow-leafed lupine (L. angustifolius) are cultivated as 
crops. Lupines are currently grown as forage and grain legume in Russia, Poland, Germany, 
the Mediterranean, and as a cash crop in Australia, where it is exported to the European seed 
markets. Both winter-hardy and non-hardy types are available (Putnam et al., 1989). White 
lupine  is grown in the North-Western part of the country (Francis, 1999) by smallholder 






2.1.3. Chemistry and nutrition  
 
Although lupine grains have been used for human consumption for thousands of years, their 
utilization in modern food production is still limited. Nevertheless, lupine is attracting interest 
worldwide as a potential high protein food ingredient suitable for human consumption (Torres 
et al., 2005). 
 
Legumes are very satisfactory sources of proteins and play a very important role in human and 
animal feeding. They contain 20-25% protein, which is 2 or 3 times higher than the content in 
cereals, so they have been considered as leading candidates for protein supply to malnourished 
areas of the world (Sujak et al., 2006). The protein content varies widely between species of 
the same genre.Yellow lupin (L. luteus) is generally regarded as having the highest protein 
content of the lupin species, with whole seeds typically having protein levels of 40 to 45% on 
DM basis.  L. Albus and L. Mutabilis are also considered as potential oil sources with a content 
of 11.5% and 18.7% (Birk et al., 1989). The crude fiber content exceeds as much as 10% in L. 
Angustifolius and L. Luteus. In human consumption, the seed hull can be considered a valuable 
fiber source (Birk et al., 1989).  
 
Four species of the genus Lupineus (L. albus, L. angustifolius, L. luteus and L. mutabilis) are 
cultivated in the world for one or more of three main uses: human food, green manure, and 
ruminant feed (Anonymous, 2009). Lupineus albus is a universal plant with numerous useful 
properties. It can be used both as fodder and for soil fertilization (Maknickien and 
Asakavictute, 2008). Lupine seeds have been part of normal food intake since ancient times 
and are consumed as snacks (EFSA, 2005). The fatty acid profile of lupine seed has been 
noted as having excellent emollient properties for the cosmetic industry (Stanford et al., 2004). 
Lupines contain high levels of fiber and protein, including essential amino acids with levels 
higher than those found in soybean. Lupine flour and bran are currently being used to enrich 
European breads, pastas, cakes and biscuits with these nutrients (Loblay et al., 2007). 
  
Lupineus albus (white lupine) seeds grown in Ethiopia and locally known as “Gibto”, is used 





part of the country (Tizazu and Shimelis, 2010). The food value of lupine is not a priority; 
however, it is important as food source during the rainy season (the time in which food 
shortage is common). This shows the high value of lupine as a shock absorber. When it is used 
as human food, mostly as a snack and as local sauce called `Shiro`(Likawent et al., 2010). The 
same authors reported that lupine products are believed to be helpful to get rid of and prevent 
pneumonia, bowl and hypertension related problems. 
 
Lupine meal can be directly used as feed for livestock, fish and poultry, and can be finely 
ground into lupine flour or coarsely ground into lupine grits. Lupine flour is a super source of 
protein and other important nutrients, ideal for use in baby foods, cereals and various low-
calorie foods and drinks (GGI, 2003). 
 
Lupine seeds are used as a source of protein in feed and food in various parts of the world, not 
only for its nutritional value (high in protein, fat and fiber) but also for its easy adaptation to 
poor soils and different climates. Human consumption has increased in recent years. Lupine 
flour is added for its nutritional value and also provides functional properties in baked goods, 
protein concentrates and other industrial products. They are also being used to make lactose 
free milk and yogurt analogues. Besides this, it is also used to produce alternative flours for 
people with gluten allergy. For example, lupine flour can be added to pastas and bread to make 
them more nutritious. In the Middle East and Asia, which traditionally use soybean in 
processed food, lupines have been accepted by taste panels (Sipsa, 2008). 
 
One positive characteristic of lupines compared with soybean and other legume crops, is that 
lupines have lower levels of undesirable elements (phytic acid and saponins) and lower 
quantities of lectins and protease inhibitors, which reduces the protein digestion (Sujak et al., 
2006). Lupine seeds are a rich and an important source of dietary proteins, oil and compounds 
of potential use in nutrition, medicine and agriculture. Ultimately, they could replace well 






2.1.3.1. Chemical composition of lupine grain  
 
Legume seeds are an abundant source of proteins and, among them, lupine is one of the richest 
(Kohajdova et al., 2011). Chemical composition of lupine is influenced by species. Thus white 
Lupine is a genetically improved legume, high in protein, fiber and other nutrients. The crude 
protein content of the grain was reported to be 35.8 % (Glencross, 2001), 38% (Mohamed and 
Rayas-Duarte, 1995), 38.8% (Mikić et al.,2009). Sofia (2008) also reported that lupine grain 
had high protein (30-40%) and dietary fiber (30%) and low fat (6%) contents. Gebru (2009) 
also documented the crude protein (CP) content of white lupine as 38.5%. Hawthorne and 
Fromm (1977) also showed that lupine grain contains 49 g N, 86% digestible energy and 15.7 
MJ ME/kg on DM basis. Glencross (2001) also reported the chemical composition of Lupines 
albus (white lupine) on DM basis as 95 g/kg Crude fat, 428 g/kg nitrogen free extract (NFE), 
103 g/kg crude fiber (CF), 143 g/kg acid detergent fiber (ADF), 172 g/kg neutral detergent 
fiber (NDF) and 33 g/kg ash. Vladimir et al. (2008) documented the ADF, NDF and NFE 
content of lupine seed as 179.5 g/kg, 198 g/kg and 371 g/kg, respectively. However, the 
nutritional value and performance of white lupine can be affected by planting date and row 
spacing during seeding (Harbans et al., 2004). 
 
Regarding to microelements, Lupines are a great source of iron (Fe), zinc (Zn) and copper 
(Cu) compared with other legumes. Also lupine has a very high level of manganese (Mn) (i,e 
up to 350 mg/100g in comparison to other species that contain less than 4 mg/100 g). 
However, they have low levels of phosphorous (P) and calcium (Ca) (De Carvalho, 2005). 
 
2.1.3.2. Anti-nutritional compounds and toxicity of lupine grain 
 
The nutritional quality of lupine grains is not only defined in terms of their nutrients, also by 
their anti-nutritive substances. The most important anti-nutritional factors (ANFs) present in 
legume seeds are protease inhibitors, lectins, tannins, α-galactoside,saponins and phytates. 
ANFs can cause negative effects in human and animals by influencing digestive and metabolic 
processes (Muzquiz et al., 2009). For instance, the high consumption of lupine which contain 
high level of α-galactosidecan cause flatulence, osmotic effects and a reduction in protein 





widespread utilization in human and animal nutrition is the quinolizidine alkaloids, which are 
toxic and bitter. Quinolizidine alkaloids, occurring in lupines are the largest single group of 
legume alkaloids with clear ecological functions in the defense of the plant. Lupine is toxic 
because of its alkaloid content, sparteine and lupanine in particular (Muzquiz et al., 2009). 
 
Different investigations have been carried out to develop treatments to reduce or remove the 
contents of ANFs and to enhance the nutritional quality of lupines. Soaking, de-hulling, 
cooking, heat treatment, irradiation, germination, fermentation and genetic manipulation have 
been used to decrease the levels of ANFs and to improve the concentration and bioavailability 
of their nutrients (Khalil et al., 2006). Furthermore, some other technological procedures, such 
as enzyme addition to hydrolyze specific ANFs and non-starch polysaccharides or even to 
improve the digestibility of proteins (proteases), have also been investigated (Torres et al., 
2005). 
 
Soaking or washing with water reduces the alkaloid content in seeds or meals in to about 500 
mg/kg. But in the 1920s, German plant breeders produced the first selections of alkaloid-free 
or sweet lupine, which can be directly consumed by human or livestock. The mean alkaloid 
content of marketable sweet lupine seed is on average 130-150 mg/kg (De Carvalho, 2005). 
Lupines are becoming increasingly recognized as alternative crop to soyabean, because they 
have the full range of essential amino acids and can grow in different climates. Newly 
varieties of sweet lupine that lack any bitter taste and require no soaking in salt solution, are 
grown extensively in Germany. 
 
2.2. Production and Utilization of White Lupine in Ethiopia 
 
2.2.1. White lupine in Ethiopia 
 
White lupine is a traditional crop in Ethiopia which grows at 1500-3000 m altitude. According 
to Likawent et al. (2010) the local white lupine in Ethiopia is a very important traditional 
multipurpose crop and is grown in mixed crop livestock farming systems. The same authors 
reported that under traditional management systems the average grain yield potential of the 





produced in Ethiopia. However, the use of the crop as human food and livestock feed is 
limited due to its bitter taste attributed to its relatively high alkaloid content (1.43%) 
(Likawent et al., 2011). 
 
2.2.2. Use of white lupine 
 
Lupine is a multipurpose legume crop with a diverse spectrum of uses: 
Forage for livestock: Lupines are one of several plant protein resources that have been 
witnessed to provide sound nutritional value to aquaculture species, pig, dairy and beef cattle, 
sheep, goat and poultry. It also an important crop for organic livestock farms by playing the 
role of soya bean meal (Likawent et al., 2011). 
 
The feed value of forage is a function of its nutrient content, digestibility, its palatability and 
associative effects with other feeds (Abebe, 2008). Legume forages and foliages are 
alternative resources which can serve as a source of fermentable N and of bypass protein in 
animal feeding (Preston, 1986). Many indigenous forage species in Ethiopia have low 
productivity and low digestibility, which reduces their usefulness for livestock nutrition; but 
leguminous species selected for their productivity, palatability and ability to withstand 
managed grazing, can significantly increase livestock production (Alemayehu, 2002). 
  
Local white lupine in Ethiopia is a valuable multipurpose crop which has the ability to 
maintain soil fertility and serve as a source of feed (Likawent et al., 2010). The crop is an 
excellent protein and energy source for animals.. It can be fed as whole seeds, ground seeds, 
whole plant silage, and even as hay (Brebaum and Boland, 1995). However, its bitter taste due 
to its high alkaloid content remains to be a big challenge (Likawent et al., 2010). 
 
Supplementary role: Lupine albus is added for nutritive value and provides functional 
properties in bakery, cake, pastry, noodles, pickles, lupine-coffee, crisps, milk and yogurt 
analogues, pasta, emulsified meat and a variety of other food products to improve their 





consumed as snack and lupine powder for preparation of stew/sauce (“shiro”) (Habtie et al., 
2009) like other common legumes. 
 
 Ectoparasite control: In North-Western Ethiopia farmers use the leaves of lupine to wash 
livestock body as mechanism of controlling ectoparasites like ticks. In addition, a decoction of 
Lupineus albus is used as a wash to treat dermatitis in cattle (Leporatti and Impieri, 2007). 
 
Green manure: Lupine has above ground biomass (Engedaw, 2012) and deep taproots 
(Small, 2012) which make it highly useful in aerating soil or supplying it with oxygen and 
water. It helps to create a better environment for growth and survival of other plants. This 
makes it excellent to be used as green manures. 
 
 Nitrogen fixation: Like other legumes, lupines obtain their nitrogen requirement through 
symbiotic association with N-fixing rhizobium. Annual nitrogen fixation or assimilation by 
Lupineus species is estimated to range from 145 to 208 kg N/ha/year and as reported by Jansen 
(2006) an atmospheric nitrogen fixation rates up to 400 kg N/ha/year have been observed in 
Europe and Australia. The high nitrogen yield of lupines can be exploited by using them in 
rotation with grasses or cereal crops. Therefore, lupines play a complementary or alternative 
role as sources of organic fertilizer to replenish nitrogen depleted soils in farming systems. 
 
Fixed N is used in the plant to make amino acids, the building blocks of proteins. The amount 
of N that is fixed depends on many factors that include the specific legume and the health of 
the plant. Because the Rhizobia rely on the plant to supply carbohydrate, maintaining a healthy 
stand fosters N fixation. The majority of the N fixed is removed with the crop; however, 
residual N is often available to the next crop. The amount of nitrogen available to the 
following crop depends on the legume species, density of the legume stand, and harvest 
management of the legume. That residual N reduces the requirements for applied N. Effective 
nodules generally are clustered around the taproot. Nodules that have been actively fixing 
nitrogen have a red or pink interior. Nodules with white or pale-green interiors are ineffective 
(Anonymous, 2016). Lupine seed inoculation improves 50% the yield and 28 to 48% the 





2.3. Agronomic Performance, Yield and Yield Component of Sweet Lupine 
 
The working lines of lupines were tested to make sure that the new genotypes are adaptable to 
the mid agro-ecology of the Tigray region (Ofla odistrict) and resistant to abiotic and biotic 
(Orobanchecrenata and diseases) stresses (Teklay et al., 2015). In parts of Africa, adaptation 
trials have shown that it is possible to grow sweet lupines in high potential areas of Africa 
(Muyekho, 1999) and Ethiopia (Likawent et al., 2012). The mean agronomic performance of 
nine lupine lines is presented in Table 1.  According to Teklay et al. (2015), there was 
significant difference in days to emergence, 50% flowering, 90% maturity, plant height, seed 
per  pod , pods per plant , grain yield and hundred seed weight among the lupine lines (Table 
1). Three lines i.e. 239004, Prober and 242249 were significantly late in days to emergence 
(20 days) than remaining six lines. Earlier days to flowering were noted for lines Sanabor, 
sweet lupine and Probor equally with 62 days and Bora line was extra early to flower (Teklay 
et al., 2015).  
 
However, lines 239004, 239006 and 239056 were significantly late to flower. The days to 
maturity were having similar trend with days to flowering that the earlier to flower and also 
the earliest to maturity and vice versa. The broad leafed lines; 239004, 239006, 242249 and 
239056 were significantly took higher days to maturity which was more than seven months. In 
the contrary, Bora was extra early to matured followed by lines Vitabor, Sanabor, sweet lupine 
and Probor were significantly earlier at least by 87 days than the four aforementioned broad 
leafed lines (Teklay et al., 2015). This indicated that the late maturing lines were complained 
by the farmers mainly due to difficulty to keep from aftermath free grazing of livestock just 
after harvest of other field crops during the dry period.  
 
In the farming system there is always free grazing of animals on the stubble residue after 
harvest (Araya et al., 2010). In the same way the long maturing lines were significantly with 
maximum plant height than the earlier lines. This could be probability due to the 
morphological divergence of the lines. The highest seed per pod and pod per plant were 
obtained from lines 239006 and 242249 (Table 1). The lowest seed per pod was obtained from 





which was below 11 pods per plant and significantly lower than 239006 and 242249 at least 
by 14 pods. This may have significant impact on the yield of the lines. This study revealed that 
there was a proportional relationship with days to flowering, maturity, plant height, seed per 
pod and pod per plant among the lines (Teklay et al., 2015). 
 
Table 1: The agronomic and yield attributes of white lupine under broomrapes infested field of 
Ofla district, Tigray (Teklay et al., 2015) 
Lines Stand EM FLR DM PH SP PP YLD HSW 
239004 (BL) 138.3 20a 74a 222a 117a 4.67abc 21.7ab 3174a 34.9a 
239006 (BL) 135.3 18.7b 74a 222a 127a 5.3a 25.7a 3397a 34.8a 
Vitabor (NL) 125.3 18.7b 65.3b 132b 56.3b 4.33bc 9.67c 355b 9.07b 
Sanabor (NL) 123.3 18.7b 62c 130b 56.7b 4.67abc 10c 318b 10.5b 
239056 (BL) 118.7 19b 74a 222a 120.7a 5ab 20.7ab 3327a 32.8a 
Sweet lupine 
(NL) 
114.3 19b 62c 133b 48.3b 4c 11.3c 368b 8.97b 
Probor (NL) 113 20a 62c 133b 52.7b 4.3bc 10.7c 268b 7.73b 
Bora (NL) 113 18.3b 58d 124c 58.7b 4.3bc 12.7bc 468b 8.77b 
242249 (BL) 101.3 20a 74a 220a 118a 5.3a 25a 2783a 32.3a 
LSD (0.05) Ns 0.697 1.666 4.26 16.7 0.912 9.256 1469 2.943 
CV (%) 17.9 2.1 1.43 1.44 11.5 11.3 32.6 32.8 8.51 
Note: BL- broad leafed, NL- Narrow leafed, EM- days to 50% emergence, FLR- days to 50% 
flowering, DM- Days to 90% maturity, PH- Plant height (cm), SP- Seed per pod, PP-Pods per 
plant, YLD- Grain yield (kg/ha) and HSW- hundred seed weight (gm) 
 
According to Teklay et al. (2015), four lines such as 239004, 239006, 239056 and 242249 of 
white lupine were higher yield than Vitabor, Sanabar, Probor, Bora and sweet lupine lines. 
The grain yields of the former lines were 3174, 3397, 3326 and 2782 kg/ha in that order. On 
the other hand, the lower yield was obtained from the remaining five lupine lines which were 
ranged from 267 to 467 kg/ha. In the same way, hundred seed weight (HSW) linearly 
correlated with grain yield that the higher yield noted higher HSW and vice versa. This study 





Probor and Bora were gave higher grain yield in North-Western Ethiopia. This could be due to 
the agro ecological and edaphic divergence with study area. 
 
Most of the white lupine cultivars (including the local landrace) and yellow lupine tested had 
relatively better leafiness than the narrow-leafed lupine cultivars. As a result the forage yield 
from most of the white lupine cultivars, at the mid-altitude locations, and the yellow lupine at 
all locations was relatively good. The lower forage yield from most of the white lupines, at the 
high-altitude locations, could be due to the Fusarium wilt and lower temperature during the 
germination and seedling stage as opposed to the lower vernalization requirement of most 
sweet white lupines (Likawent et al., 2012). 
 
The forage yield of sweet white lupines is comparable with the yield reported by Muyekho 
(1999) who reported a mean forage yield of 2.5 t/ha from the sweet white lupine cultivar when 
harvested at three months of age. In addition, the forage yield reported by Bhardwaj et al. 
(2010), of white lupines, in the United States ranged between 0.8 and 2 t/ha which was in line 
with the forage yield of most of the lupine cultivars in this study. However, the forage yields 
were lower than those reported by Mihailovic et al. (2008) (8.7 t/ha) from white lupines in 
Serbia and by Fraser et al. (2005) (8.45 t/ha) from narrow-leafed lupine in the United 
Kingdom. This variation in forage yield could be due to differences in the growth environment 







Table 2: Least square means for forage yield (t/ha) from an adaptation trial of seven white, 
eight narrow-leafed (NL), and one yellow lupine accessions at two locations in Ethiopia 
(Likawent et al., 2012) 
Species, Cultivar Merawi  Finoteselam 
Mean SE* Rank  Mean SE Rank 
White, Local 3.6 0.38 1  5.8 0.78 1 
NL, Bora  0.5 0.13 16  0.8 0.1 11 
NL, Boregine  1.3 0.13 11  0.8 0.1 12 
NL, Borlu  1.6 0.13 6  0.7 0.1 13 
NL, Boruta  1.2 0.13 13  0.9 0.1 7 
NL, Haags Blaue  1.2 0.13 12  0.4 0.1 15 
NL, Probor  0.9 0.13 14  0.4 0.1 16 
NL, Sanabor  1.4 0.13 8  0.6 0.1 14 
NL, Vitabor  1.4 0.13 9  0.8 0.1 10 
Yellow, Bornal  1.9 0.42 4  1.4 0.35 5 
White, Feodora  0.9 0.38 15  0.8 0.78 9 
White, Fortuna  1.3 0.38 10  0.9 0.78 8 
White, L-1082  2.3 0.38 2  4.5 0.78 2 
White, L-1057  1.7 0.38 5  1.3 0.78 6 
White, AU-Alpha  2 0.38 3  3 0.78 4 
White, AU-Homer  1.5 0.38 7  3.4 0.78 3 









3. MATERIALS AND METHODS 
 
3.1. Description of the Study Area 
 
The experiment was  conducted at locations of Lemo district, Upper gana (07034’24’’N, 0370 
46’4’’E) and Jewe (070 30’ 35’’ N, 0370 47’ 1’’) kebeles. The area is situated in Hadiya zone, 
Southern region, Ethiopia. The study site is located at 223 km South of Addis Ababa. The site 
has an altitude ranging between 2012 and 2202 meter above sea level. According to the lemo 
district office of agriculture report, the average annual rainfall is between 1300-1400 mm with 
a bi-modal distribution from February to April and from June to September. The average 
annual minimum and maximum temperatures are 18 and 23 °C, respectively (LBoA, 2015). 
Mixed crop-livestock production is the typical farming system in the District with tree 
growing as a common practice around farmlands and homesteads. According to Lemo district 
Agricultural Office (2015, personal communication) the average land holding per household is 
0.5 hectare. The soil of experimental site is classified as ‘Nitosols’. Nitosols have favourable 
moisture-storage capacity and aeration and characteristically are coloured red, dark-red or dark 
reddish brown(Charles and Gathiru,2003). 
 
3.2.  Varity Description  
 
There are two sweet lupin varieties (Sanabor and Vitabor) released by the Amhara regional 
research institute (ARARI). The suitable altitude ranges from 1800 to 2600 meter above sea 
level and the mean annual rainfall ranges from 1100 to 2300 mm. The grain yield of sweet 
lupin ranges from 2.2 to 4.8 ton per hectare depending on the agro-climatic zone and other 
environmental factors(Yenesew et al., 2015). 
 
3.3. Experimental Design and Treatments 
 
This experiment was conducted from July 2016 to November 2016. For the experiment a total 
of two sweet lupine varieties (Vitabor and Sanabor) were used. These sweet lupine varieties 





performance evaluation in Lemo district, Southern region, Ethiopia. The experimental design 
was a 2x2x6 factorial experiment arranged in a randomized complete block design (RCBD) 
with three replications. The treatments for the study were two sweet lupine varieties; Vitabor 
(V1) and Sanabor (V2) ,two locations; Upper gana and Jewe kebeles and six levels of planting 
spacing (30 cm between rows and 7 cm between plants (S1), 40 cm between rows and 7 cm 
between  plants (S2), 30 cm between rows and 15 cm between plants (S3), 40 cm between 
rows and 15 cm between plants (S4), 30 cm between rows and 20 cm between plants (S5) and 
40 cm between rows and 20 cm between plants (S6)). The experiment covered a total area of 
29.5 x 10 m2 and net plot size of each plot was 3 m x 2 m. Each experimental plot and its 
replication had 10-15 cm border on each side to avoid the border effect of treatments and 
blocks. There was also 0.5 m gap between plots and blocks for easy management. 100 kg 
DAP/ha fertilizer rate was used (Yenesew et al., 2015). The seeds were planted at a depth of 
2.5 cm (Brebaum and Boland, 1995).  
 
3.4. Land Preparation and Management Practice 
 
Land was ploughed four times in March to June and harrowed in July 2016 cropping season. 
The seed rate used in experiment sites were 88 seeds per plot at 40 cm x 20 cm planting 
spacing (wide spacing) and 260 seeds per plot at 30 cm x 7 cm planting spacing (narrow 
spacing) respectively. The seed was checked for weed seed and other dead irregular in shape 
to increase germination percentage. Weeding conducted three times; once at seedling stage 
and the others just before flowering stages. Weeding at the seedling stage is very crucial as 
sweet lupin seedling is weak at this stage. Weeding conducted by hand during experimental 
period and furrows were made to prevent water logging. Compared to the bitter cultivars, 
sweet lupin cultivars are sensitive to biotic and abiotic factors because of their low alkaloid 
content which serves as one of their defense mechanisms. Due to these factors frequent 
disease monitoring (field observation) was done. 
 
 






3.5.1 Physiological data  
 
The morphological parameters and yield data collected during the experimental periods 
included the following:   
 
Growth: The duration of developmental process such as days to emergence, days to 50% and 
100% flowering and days to physiological maturity were recorded.  
 
Plant height (cm): The average plant height was measured from ground to the tip of the 
longest leaf. The measurement was done by taking five random plants at each growth stages 
from each plot.  
 
Number: is concerned with counts or estimates of plant units (stands per given area, number 
of nodule per plant, number of pod per plant, number of seed per pod) that can be recognized 
as individuals. The stands in a given area were estimated based on total count at each growth 
stage from each plot, whereas the number of pods per plant and number of seeds per pod were 
estimated by taking five random plants per plot. Effective nodulation was evaluated at two 
growth stages (50% and 100% flowering) by careful digging around and removing five plants 
per plot and then the soil and debris removed and looked for nodules and examined their 
distribution.  
 
Pod length (cm): The average pod length  was measured from end to end of each pod by 
taking five random plants at maturity stage from each plot.  
 
Disease: Disease data was scored using 1-9 scale for severity. Scale of 1 = nil (no visible 
disease symptom (immune)); 3 = slight (some small discrete and a few large lesions 
(resistant)); 5 = medium (some defoliation (moderately resistant)); 7 = severe (large coalesced 
lesions with about 50% defoliation, few dead stems per plant ( susceptible)); and 9 = very 
sever (extensive lesions, sever defoliation, stem girdling, many dead plants (highly 
susceptible) (Gladstone et al.,1998). 
 





                                Total number of plants 
 
Green forage and dry matter yield: The vegetation from each plot was sampled using a 
quadrant of 0.25 m
2 
(0.5 m x 0.5 m) size during a predetermined sampling period. The 
quadrant was randomly thrown on plot and the average weight of the harvest per plot was used 
for determination of forage yield and quality. The green forage was harvested with a sickle at 
a clipping height (10 cm) above ground. Following harvesting, the forage samples (200 to 300 
gm) from each plot was weighed, labeled and air dried under shade and kept in separate 
perforated bags for chemical analysis. One representative oven-dried forage sub-samples from 
each plot at two flowering stages (50% and 100% flowering) were taken to nutrition 
laboratory for chemical analysis. The samples dried in an oven at 65 -70 
o
C for 48 hours and 
ground using Willey mill to pass through 1 mm sieve. Ground samples were allowed to 
equilibrate at room temperature for 24 hours and stored until required for chemical analysis. 
The average weight of the forage in the quadrant was used and extrapolated into dry matter 
yield per hectare (t/ha). Sub-samples representing 10% of the whole forage samples harvested 
from the treatments were taken for DM determination. According to Aklilu and Almayehu 
(2007), the green forage yield expressed (q/ha) and (t/ha) is therefore estimated by the 
following equation.  
 
Green forage yield =  10000 m2  x   Z kg 
                                       Y m2          100 
Where:  
            Z = yield obtained from sampling area (kg/m2)  
            Y = area of the sampling site/ quadrant (m2) 
A total of 144 fresh forage (at two stage of flowering) samples were collected for chemical 
analysis from two experimental sites (Jewe and Upper gana kebeles). 
 
Grain Yield: Lupine grain samples (100 gm from each plot) were collected from the remained 





collected for chemical analysis from the two experimental sites (Jewe and Upper gana 
kebeles). 
 
Hundred seed weight (g) : weight in gram of random sample of 100 seeds of each plot were 
collected and measured. 
 
3.5.2 Chemical analyses and in vitro dry matter digestibility determination 
 
The  collected sweet lupine green forage (50% and 100 % flowering stage) and  grain samples 
were transported to International Livestock Research Institute Animal Nutrition Laboratory, 
Addis Abeba for chemical analysis. The samples were given laboratory number and  dried to a 
constant dry weight in an oven at 100 ± 5 0C for 24 hrs to determine percent dry weight before 
any analytical procedure (AOAC, 1990). Then the dried sample ground to 1 mm mesh size 
using Wiley mill and packed into paper bags and stored pending to further laboratory works. 
Near Infrared Reflectance Spectroscopy (NIRS) prediction were employed for the analysis of 
the intended nutritional values of both  green forage and grain samples. 
 
Accordingly, green forage samples were scanned for predication of DM (%), Ash (%), 
nitrogen(N%),metabolizable energy(ME(MJ/kg DM)), in-vitro organic matter digestibility 
(IVOMD %), and fiber fractions (nutriral detergent fiber (NDF%), acid detergent fiber 
(ADF%) and acid detergent lignin (ADL%)) contents, while in grain samples the scanning was 
done for the predication of crude protein(CP %), metabolizable energy(ME (MJ/kg)) and  in 
vitro organic matter digestibility (IVOMD%). For scanning purpose, already ground sample 
was dried overnight at 60 oC in oven to standardize the moisture conditions. Then, the partially 
dried sample was filled into NIRS cup and scanned using Foss NIRS 5000 with software 
package WinISI II in the 1108-2492nm spectra ranges (Win Scan version 1.5, 2000, intrasoft 
international). All the chemical analysis of the samples were performed in duplicate and 
calculated on a dry matter basis. Finally, NIRS scanned information of the  green forage and 
grain samples were used for the prediction of the above mentioned nutritional values, using 






3.6 Statistical Analyses 
 
Statistical analyses were made using the General Linear Model (GLM) Procedure of  SAS 
version 9.1. Analysis of varieance (ANOVA) carried out for location,varaities and spacing as 
fixed effect in factorial model. The treatments means showing significant differences at 5% 
level of significance was compared using Least Significant Difference (LSD) comparison 
procedure. The association among dry matter yield and other quality parameters of forage 
were determined by correlation analysis using SPSS version 20. The statistical model was:  
Yijk =μ+ Vi+Sj+Lk+(V*S)ij+(V*L)ik+(S*L)jk+(V*S*L)ijk+Eijk 
 
Where Yijk is the measured response,μ is overall mean,Vi is variety effect,Sj is spacing effect, 
Lk is location effect,(V*S)ij is interaction effect of i
th variety and jth spacing, (V*L)ik is 
interaction effect of ith variety and kth  location,(S*L)jk is interaction effect of j
th spacing and 
kth  location,(V*S*L)ijk is interaction effect of i
th variety, jth spacing and kth  location and Eijk  is 





4. RESULTS AND DISCUSION 
 
4.1  Physiological Parameters of Sweet lupine 
 
4.1.1  Days to emergence, 50% and 100% flowering, first pod seting,pod filling and full 
maturity and number of stands 
 
The two sweet lupine varieties (Vitabor and Sanabor) showed equal days (5 days) to emerge 
(p>0.05) from date of planting in both locations (Upper gana and Jewe kebeles) which was 
earlier than 18.70 days reported by Teklay et al. (2015) for both varieties. The three way 
interaction of location (L), variety (V) and planting spacing (S) for 50% and 100% flowering, 
full maturity, first pod setting, pod filling and number of stands were not significant (p>0.05) 
and was not presented in the table. There was highly significant difference (P<0.01) in days to 
50% flowering and days to full maturity between two sweet lupine varieties and planting 
spacing (Table 3). Earlier days to 50% flowering (58.33 days) and days to full maturity 
(117.33 days) were noted for variety Sanabor than Vitabor (60.66 days and 119.66 days 
respectively). Late to reach days to 50% flowering (62 days vs 65.30 days) and full maturity 
(130 days vs 132.00 days) for the varieties Sanabor and Vitabor respectively were reported by 
Teklay et al. (2015). This disparity might be due to differences in location, growth 
environment and metrological factors. The earlier days to 50% flowering (59.00 days) and 
days to full maturity (118.00 days) were observed at 30 cm x 15 cm and 40 cm x 15 cm 
planting spacing whereas, late in days to 50% flowering (60.00 days) and full maturity (119.00 







Location, variety and planting spacing had highly significant (P< 0.01) effect on days to 100% 
flowering, first pod setting and pod filling (Table 3) but, both the two and three way 
interactions were not significant (P >0.05).  
 
Table 3: Effects of locaition, variety, spacing and their interaction on days to 50% and 100% 
flowering, first pod setting, pod filling and full maturity and number of stands 





Location        
U. gana 59.50 68.50a 72.50a 96.50a 118.50 13.90a 18.10a 
Jewe 59.50 61.50b 65.50b 93.50b 118.50 12.26b 12.52b 
P-value 1.0000 <0.0001 <0.0001 <0.0001 1.0000 0.0057 <0.0001 
SE(±) 0.11 0.11 0.11 0.11 0.11 0.24 3.89 
Variety        
Vitabor 60.66a 66.16a 70.16a 96.16a 119.66a 13.02 16.13 
Sanabor 58.33b 63.83b 67.83b 93.83b 117.33b 13.40 14.50 
P-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.5617 0.1101 
SE(±) 0.11 0.11 0.11 0.11 0.11 0.24 3.89 
Spacing        
30x7 59.50ab 65.00ab 69.00ab 95.00ab 118.50ab 19.26a 27.65a 
40x7 60.00a 65.50a 69.50a 95.50a 119.00a 17.36a 19.09b 
30x15 59.00b 64.50b 68.50b 94.50b 118.00b 11.72b 14.66c 
40x15 59.00b 64.50b 68.50b 94.50b 118.00b 10.32b 10.77d 
30x20 60.00a 65.50a 69.50a 95.50a 119.00a 10.24b 10.95d 
40x20 59.50ab 65.00ab 69.00ab 95.00ab 118.50ab 10.08b 8.75d 
P-value 0.0006 0.0006 0.0006 0.0006 0.0006 <0.0001 <0.0001 
SE(±) 0.20 0.20 0.20 0.20 0.20 0.59 9.53 
Interaction Ns Ns Ns Ns Ns Ns Ns 
LSD 0.33 0.33 0.33 0.33 0.33 0.65 11.08 
CV%  1.68 1.53 1.44 1.05 0.84 30.02 27.73 
U.gana=Upper gana, DFF=Days to 50% flowering; DHF= Days to 100% flowering; 
DFPS=Days to first pod setting; DPF= Days to pod filling; DFM= Days to full maturity; 
Stand(F) = Number of stand per m2 at herbage harvest; Stand (M) = Number of stand per m2 at 
grain harvest; Ns=Non significant; SE= Standard error; LSD=Least square difference; 






Earlier days to 100% flowering (65.50 days), first pod setting (61.50 days) and pod filling 
(93.50 days) were observed in Jewe kebele followed by late days to 100% flowering (72.50 
days), first pod setting (68.50 days) and pod filling (96.50 days) in upper gana kebele. Sanabor 
had earlier days to 100% flowering (67.83 days), first pod setting (63.83 days) and pod filling 
(93.83 days) whereas, vitabor had late days to 100% flowering (70.16 days), first pod setting 
(66.16 days) and pod filling (96.16 days). The planting spacing 30 cm x 15 cm and 40 cm x 15 
cm had shorter days to 100% flowering (68.50 days), first pod setting (64.50 days) and pod 
filling (94.50 days) while the planting spacing 40 cm x 7 cm and 30 cm x 20 cm had longer 
days to 100% flowering (69.50 days),first pod setting (65.50) and pod filling (95.50 days). 
Generally, the days to maturity were having similar trend with days to flowering that the earlier 
to flower and also the earliest to maturity and vice versa. The present result agrees with the 
result observed by Teklay et al. (2015), who reported that the days to maturity were having 
similar trend with days to  flowering that earlier to flower and also the earliest to maturity and 
vice versa. The early maturing varieties such as sanabor have advantage over the late maturing 
ones in environments where rain begins late and ends early (Negash et al., 2015). Late maturity 
of varieties could be associated with a decrease in digestibility (Xing, 1995).       
 
Location (P < 0.01) and planting spacing (P < 0.01) had highly significant effect on the number 
of stands per m2, but no interaction effects were recorded (P > 0.05). The higher stand number 
per m2 at herbage harvested (13.90 stands/m2) and grain harvest (18.10 stands/ m2) were 
observed in Upper gana kebele than Jewi Kebele (12.26 stands/m2 at herbage harvested and 
12.52 stands/m2 at grain harvest) respectively. Result indicated that there was no significant 
difference (P>0.05) in the number of stands at a stage of 50% and 100% flowering for two 
sweet lupine varieties. The result of this study disagreed with the result observed by Teklay et 
al. (2015), who reported that the number of stands per m2 ranges from 15.41 to 15.66 at grain 
harvest. The difference in present study could be the difference in planting spacing, population 
density (seed rate) and soil factors. Too low and high plant population beyond a certain limit 
often adversely affects the crop yield. Number of plants per unit area influences plant size, 







Plants planted at narrower spacing between rows and plants 30cmx7cm (19.26) resulted in 
higher (P < 0.01) stand number per m2 compared to the wider spacing 40cmx20cm (10.08 ) at 
herbage harvest stage. Similarly, plants planted at narrower spacing 30cmx7cm (27.65) 
resulted in higher (P < 0.01) stand number per m2 at full maturity followed by 40 cm x 20 cm 
(8.75) and the lowest mean stand count was recorded relatively at a wider planting spacing 
between rows and plants. The number of stands per m2 increased as the planting space 
decreased since sweet lupine was not affected by number of tillers. Plant spacing in the field is 
also very important to facilitate aeration and light penetration in to plant canopy for optimizing 
rate of photosynthesis. Ejaz et al. (2010) reported that, there is very little information available 
on the relative contribution of various plant spacing towards physiological components and 
also their interaction. However, this study agreed with Rasul et al.(2012) who indicated that an 
optimum plant population is considered the foundation for having increased yield.  The same 
authors also reported that the inter-row spacing of 30 cm gave the maximum plant population 
per unit area (37.56) which was significantly different from 40 cm inter-row spacing (28.78) 
for pulse crops. This happened due to the narrow row spacing of plants sown at 30 cm, as in m2 
area more rows are accommodated for less inter-row spacing of 30 cm than 40 cm. 
  
4.1.2  Plant height,number of nodules,green forage and forage dry matter yield 
 
The two way interaction effect of location(L) and planting spacing (S) (LxS), and location (L) 
and stage of flowering (SF) (LxSF) were significantly (p<0.05) affected plant height, green 
forage yield (GFY) and forage dry matter yield (DMY) (Table 4).The two way interaction 
effect of location (L) and planting spacing (S) (LxS) was significantly affected number of 
nodules. The four way interaction of location (L), variety (V),planting spacing (S) and stage of 
flowering (SF) was not significant (p>0.05) and was not presented here. 
 
Plant height is a major factor contributing towards forage yield of different crops. Sweet lupine 
varieties in Upper gana kebele gave the highest plant height (84.51 cm) at 30 cm x7cm planting 
spacing, which was followed by Jewe kebele (59.08 cm) at 30 cm x 20cm planting spacing. 
The reason could be plants under narrow spacing between plants, interplant competition will be 






weak stalks due to poor light exposure and hence poor photosynthetic product (Pholsen and 
Sornsungnoen,2004). Plant height for varieties of sweet lupine at 50% and 100% flowering 
stage under different planting spacing showed significant (p<0.05) difference. Sweet lupine 
varieties in Upper gana kebele had the highest plant height (85.73 cm) at stage 100% flowering 
while sweet lupine varieties in Jewe kebele had the shortest plant height (58.96 cm) at stage of 
50% flowering. Plant height was low at early stages of growth, but after 50% days of 
flowering, enhanced growth was observed. The largest increment in mean plant height was 
recorded in the time from the intermediate to the last days of harvesting. At this time, the plant 
attained more than 27 cm of its height. This physiological change could be due to massive root 
development and efficient nutrient uptake allowing the plant to continue increase in height. 
Generally, plant height increment was consistent with plant maturity. Similar results have also 







Table 4: Effects of location, sapacing and stage of flowering interaction on  plant height(cm), 
number of nodules, green forage yield(t/ha) and forage dry matter yield(t/ha) 
Factor Location Spacing PH Nodule number GFY DMY 
LxS U. gana 30x7 84.51a 8.33d 39.58a 4.84a 
  40x7 78.93ab 64.58bc 32.16ab 3.99abcd 
  30x15 71.31bcde 207.70a 17.86e 3.10bcde 
  40x15 66.61defg 151.12a 21.55cde 2.82de 
  30x20 74.68bcd 14.58cd 31.11bc 4.10abc 
  40x20 77.16abc 78.75b 33.04ab 4.30ab 
 Jewe 30x7 68.16def 18.58cd 22.30cde 3.28bcde 
  40x7 69.25cde 13.08d 26.79bcd 4.01abcd 
  30x15 63.60efg 21.25cd 20.88cde 2.98cde 
  40x15 60.32fg 12.16d 19.98de 2.92cde 
  30x20 59.08g 3.50d 17.33e 2.53e 
  40x20 60.18fg 7.83d 18.45de 2.54e 
 P-value  0.031 <0.0001 0.0038 0.0321 
 SE(±)  3.16 17.65 2.84 0.44 
LxSF Location Stage of 
flowring 
    
 U.gana 50% 65.34b 93.52 21.07b 2.86ab 
  100% 85.73a 81.50 37.37a 4.85a 
 Jewe 50% 58.96c 18.83 17.55c 2.59c 
  100% 67.90b 6.63 24.35b 3.49b 
 P-value  <0.0001 0.2589 0.0062 0.0190 
 SE(±)  1.19 10.19 1.64 0.22 
 LSD  2.39 20.78 3.33 0.45 
 CV%  10.35 30.64 30.69 30.47 
U.gana=Upper gana;LxS= Location and planting spacing interaction;LxSF= Location and 
stage of flowering interaction;PH= Plant height at herbage harvest (cm);GFY=Green forage 
yield(t/ha);DMY=Dry matter yield(t/ha); SE= Standard error; LSD=Least square difference; 
CV=Coefficient of variation 
 
The nodule number per quadrant, which determines the nitrogen fixation capacity of the plants 
had highly significant (P < 0.01) variation due to the effect of location and planting spacing 
(LxS). The higher nodules number per quadrant (207.70) was observed in upper gana kebele at 






nodules (3.50) in Jewe kebele at 30 cm x 20 cm planting spacing. All the nodules collected in 
experimental sites were with white interiors were ineffective which need inoculation with 
symbiotic bacteria. Lupine can perform symbiosis with bacteria of the genus Rhizobium lupini 
and Bradyrhizobium sp., which are found as micro symbionts in other leguminous crop. Due to 
its symbiosis with nodule bacteria, lupine possesses a high ability to fix nitrogen, with the 
means to obtain molecular nitrogen from the atmosphere, which is used to produce protein and 
other nitrogen substances. This study agreed with the result of León et al. (2010), who 
indicated that the rate of accumulation of nitrogen is not the same during all stages of growth, 
with the greatest intensity during flowering, formation and growth of the sheath, to decrease 
during grain filling. Also the soil type represented an important factor on the nodulation, 
affecting significantly the dry weight of nodules per plant. 
  
Two way interaction of location (L) and planting spacing (S) (LxS) and location ( L) and  stage 
of flowering(SF) (LxSF) highly affected (P <0.01) green forage yield and forage dry matter 
yield (Table 4), but the four way interaction (LxVxSxSF) had no significant difference 
(P>0.05) for  green forage yield  and forage dry matter yield.   
 
The green fodder yield (GFY) is the most important trait and the ultimate product of a fodder 
variety. Data on green forage yield (t/ha) showed sweet lupine varieties in Upper gana kebele 
gave the highest green forage yield (39.58 t/ha) at 30 cm x 7cm planting spacing, which was 
followed by Jewe kebele (17.33 t/ha) at 30 cm x 20 cm planting spacing. Green forage yield 
(GFY) for varieties of sweet lupine at 50% and 100% flowering stage under different planting 
spacing showed highly significant (p<0.01) difference. Sweet lupine varieties had the highest 
green forage yield (37.37 t/ha) in Upper gana kebele at stage of 100% flowering while Jewe 
kebele had the smallest green forage yield ( 17.55 t/ha) at stage of 50% flowering. Green 
forage yield was low at early stages of growth, but after 50% days of flowering enhanced 
growth was observed. This variation in green forage yield could be due to differences in the 
growth environment and stage of flowering for sweet lupine varieties. The result of this study 
agreed with Njoka et al.(2004), who indicated that higher yield was attributed to high plant 






solar interception in the early period of plant growth and development there by increase in 
green forage yield. 
 
Sweet lupine varieties in Upper gana kebele gave the highest forage dry matter yield (4.84 t/ha) 
at 30 cm x 7cm planting spacing, which was followed by Jewe kebele (2.53 t/ha) at 30 cm x 20 
cm planting spacing. Sweet lupine varieties had the highest forage dry matter yield (4.85 t/ha) 
in Upper gana kebele at stage 100% flowering while sweet lupine varieties had the lowest 
forage dry matter yield ( 2.59 t/ha)  in Jewe kebele at stage of 50% flowering. The forage dry 
matter yield reported by Bhardwaj et al. (2010), of white lupines, in the United States ranged 
between 0.8 and 2 t/ha which was not in line with the forage dry matter yield of the lupine 
varieties in this study. In addition, the result of this study disagreed with Muyekho (1999), who 
reported a mean forage dry matter yield of 2.5 t/ha from the sweet white lupine when harvested 
at three months of age. However, the forage dry matter yields were lower than those reported 
by Mihailovic et al. (2008) (8.7 t/ha) from white lupines in Serbia and by Fraser et al. (2005) 
(8.45 t/ha) from narrow-leafed lupine in the United Kingdom. In contrary, the forage dry 
matter yields were higher than those reported by Lakewent et al. (2012) (1.4 t/ha) from narrow 
leafed sweet lupine in Ethiopia. This variation in forage  dry matter yield could be due to 
differences in the growth environment,planting spacing and the lupine varieties evaluated. 
  
4.2 Chemical Composition and in vitro Digestibility of Sweet Lupine Forage 
 
4.2.1  Chemical composition of sweet lupine forage 
 
4.2.1.1  Dry matter,organic matter,total ash and acid detergent fiber content of sweet lupine 
forage 
 
Two way interaction of location (L) and variety (V) (LxV) highly affected (P <0.01) the dry 
matter (DM) and acid detergent fiber (ADF) content of sweet lupine forage. The two way 
interaction of location (L) and stage of flowering (SF) (LxSF) highly affected (P <0.01) the 
organic matter (OM), acid detergent fiber (ADF) and total ash content of sweet lupine forage 






(P>0.05) for  dry matter (DM),acid detergent fiber (ADF),organic matter (OM) and total ash 
content of sweet lupine forage and not presented here.  
 
Table 5: Effects of location, variety and stage of flowering interaction on dry matter, organic 
matter, total ash, acid detergent fiber and acid detergent lignin 
Factor Location Variety Stage of 
flowering 
     Chemical composition on DM % basis 
DM OM Ash ADF 
LxV U.gana Vitabor 50% 13.30b 84.82 15.17 33.99b 
  Sanabor 100% 12.18c 84.83 15.16 35.86a 
 Jewe Vitabor 50% 15.63a 86.39 13.60 35.78a 
  Sanabor 100% 13.72b 86.00 13.99 35.34ab 
 P-value   0.0005 0.4158 0.4158 0.0013 
 SE(±)   0.28 0.32 0.32 0.53 
LxSF U.gana Vitabor 50% 12.94 83.35b 16.64a 34.92ab 
  Sanabor 100% 12.54 86.30a 13.69b 34.93ab 
 Jewe Vitabor 50% 14.89 85.38ab 14.61ab 33.61b 
  Sanabor 100% 14.45 87.01a 12.98b 37.50a 
 P-value   0.9542 0.0081 0.0081 <.0001 
 SE(±)   0.28 0.24 0.24 0.45 
 LSD   0.56 0.84 0.84 1.57 
 CV%   12.33 1.72 10.16 7.79 
U.gana=Upper gana;DM= Dry matter;OM= Organic matter; ADF= Acid detergent fiber; 
VxSF= Variety and stage of flowering interaction;LxSF=Location and stage of flowering 
interaction; SE= Standard error; LSD=Least square difference; CV=Coefficient of variation 
 
Vitabor in Jewe kebele gave higher forage DM content (15.63%) than sanabor in Upper gana 
kebele (12.18%). Sanabor had higher forage ADF content (38.86 %) in Upper gana kebele 
whereas vitabor had lower  forage ADF content ( 33.99 %) in Upper gana kebele.  
 
Organic matter (OM), acid detergent fiber (ADF) and total ash content of sweet lupines forage 
were highly influenced (P<0.01) by the interaction effect of location and stage of flowering 
(LxSF) (Table 5). Sweet lupine forage in Jewe kebele gave the highest organic matter content 
(87.01%) at stage of 100 % flowering, which was followed by upper gana kebele (83.35%) at 






fiber content (37.50 %) at stage of 100 % flowering whereas sweet lupine forage in Upper gana 
kebele gave the lowest (33.61% ) at stage of  50 % flowering. This study was agreed with other 
studies Yihalem (2004), who reported increasing trends in acid detergent fiber content with 
advance in harvesting days. The rise in acid detergent fiber concentration that occurred with 
plant maturity might be associated with decrease in leaf to stem ratio (Van Soest, 1982). 
 
Both location (L) and stage of flowering (SF) had highly significant (P < 0.01) effect on total 
ash content (Table 5). The highest forage total ash content (16.64 %) was obtained in Upper 
gana kebele at stage of 50% flowering which were followed by Jewe kebele (12.98%) at stage 
of 50% flowering. The present study indicated that forage total ash content decreased as the 
harvesting days of plant advanced. This result is in agreement with other studies (Adane, 2003; 
Taye, 2004) who reported decreased trend of total ash content as age of plant advanced. The 
decline of total ash with maturity in this study might be due to natural dilution and 
translocation of nutrients during the growth and development of plant tissue (Fleming and 
Murphy, 1968).  
 
4.2.1.2  Crude protein, neutral detergent fiber, acid detergent lignin and metabolizable 
energy content of sweet lupine forage 
 
The effect of location (L), stage of flowering (SF)  and planting spacing(S) on sweet lupine 
forage crude protein (CP) content was highly significant (P < 0.01) (Table 6). The neutral 
detergent fiber (NDF) content of sweet lupine forage due to location was highly significant (P< 
0.01).The effect of planting spacing and stage of flowering on sweet lupine forage acid 
detergent lignin (ADL) content was significant (p< 0.05). Metabolizable energy content of 
sweet lupine forage was significantly (P < 0.01) affected by both location and stage of 
flowering. The four way interaction of location (L), varity (V), planting spacing (S)  and stage 
of flowering (SF) for  crude protein (CP), neutral detergent fiber (NDF),acid detergent lignin 








Sweet lupine forage in Upper gana kebele gave the highest CP content (23.11%) followed by 
Jewe kebele (21.15%). Sweet lupine varieties at 50% flowering had the highest forage CP 
content (23.03%) while the lowest CP (21.22%) content at 100% flowering was recorded. The 
highest forage CP content was recorded in sweet lupine which was planted at 40 cm × 20 cm 
(23.67 %) and compared to 30 cm x 7 cm (20.93%). This result indicated that the CP content in 
samples harvested during the experiment period significantly decreased as the age of plants 
advanced. The CP content obtained in this study agreed to other studies (McDonald et al., 
2002; Taye, 2004) who reported a decline in CP content of plant with increasing stage of 
harvesting. This might be due to the dilution of the CP content by an increase in structural 
carbohydrate content of forage materials harvested at late maturity (Hassan et al., 1990). 
However, the CP content of this study was lower than the result reported by Lakwent et al. 
(2012), who indicated that the sweet lupine Sanabor and Vitabor contain higher CP content 
28.56% and 27.50% on DM basis respectively in Ethiopia. In addition, when plants are planted 
under wide spacing between rows and plants, interplant competition will be too low and good 
light exposure and hence good photosynthetic product (Pholsen and Sornsungnoen, 2004). The 
highest forage CP content (23.67%) was recorded in sweet lupine which was planted at 
40cm×20cm compared to the other treatments. The higher CP content in plants harvested at 
wider spacing between rows and plants might be attributed to higher absorption of nitrogen 
available in the soil with low competition as compared to higher plant density under narrow 
spacing. This effect might be due to a shallower depth of rooting or less efficient soil total 
nitrogen exploitation at high plant densities (Donald, 1963).  
 
The highest (48.74%) and the lowest (47.04%) NDF contents were recorded at Jewe and Upper 
gana kebeles respectively. The highest (5.67%) and lowest (5.21%) mean forage ADL contents 
were observed at 100% and 50% stage of flowering respectively. Lignification of the forages 
appeared to occur almost constantly with increase in harvesting days. This indicates that lignin 
content increased as the days of harvesting became longer, which was in agreement with other 
studies (Taye, 2004; Yihalem, 2004). This might be due to the fact that as the plants grow 
longer, there is a greater need for structural tissue by increased proportion of stem that has 






produced by older plants appear to be of more lignified than earlier produced leaves (Whitman, 
1980). The author also reported stressful environment conditions during the growing season to 
result in higher structural carbohydrates and lignin concentration in plant tissue. Johnston et al. 
(1998) reported that as maturity advanced, forage yield increased, but CP content dropped by 
about 40 to 50%, ADF and NDF levels increased by 15 to 25%. This may be further changed 
by environmental situations such as soil fertility, season, temperature, shade and water stress 
during growth (Norton and Poppi, 1995). 
  
The highest forage ADL content was recorded in sweet lupine which was planted at 30 cm × 7 
cm (5.61%) and 40 cm x 7 cm (5.60%) compared to 40 cm x 20 cm (5.17%). The ADL  
content increased when planting patterns decreased from 40cm×20 cm to 30×7cm. This 
indicated that the lower concentration of soluble carbohydrate replaced by the insoluble cell 
wall part due to early maturity of plants under the narrow spacing in turn increased the lignin 
content of the plant. The predominant features of increasing plant density resulted in a 
tremendous reduction in leaf to stem ratio, which in turn resulting in an increase in cell wall 
and lignin contents (Jung and Vogel, 1992).  
 
The highest metabolizable energy content (9.31MJ/kg) was obtained in Jewe kebele which was 
followed by Upper gana kebele (9.17MJ/kg). Significantly higher (9.44MJ/kg) and lower 
metabolizable energy (9.04 MJ/kg) was recorded at 100% and 50% flowering stage 
respectively. This might be due to the fact that as the plants grow longer, there is a greater need 
for structural tissue by increased proportion of stem that has higher structural carbohydrates 
(cellulose and hemicelluloses) there by affect the metabolizable energy content of the plant 







Table 6: Effects of location, sapcing, stage of flowering and their interaction on crude protein, 
neutral detergent fiber, acid detergent lignin and metabolizable energy content of sweet lupine 
forage 
Factor 
Chemical composition on DM basis 
CP NDF ADL ME 
Location     
U. gana 23.11a 47.04b 5.42 9.17b 
Jewe 21.15b 48.74a 5.46 9.31a 
P-value <0.0001 0.0003 0.6336 0.0003 
SE(±) 0.20 1.56 0.05 0.02 
Spacing     
30x7 20.93b 48.72 5.61a 9.21 
40x7 21.61b 48.26 5.60a 9.22 
30x15 21.92b 48.28 5.43ab 9.25 
40x15 21.60b 48.35 5.46a 9.29 
30x20 23.02a 47.05 5.37ab 9.24 
40x20 23.67a 46.69 5.17b 9.25 
P-value <0.0001 0.0610 0.0327 0.8632 
SE(±) 0.35 0.55 0.10 0.04 
Stage of flowering     
50% 23.03a 47.86 5.21b 9.04b 
100% 21.22b 47.92 5.67a 9.44a 
P-value <0.0001 0.8935 <0.0001 <.0001 
SE(±) 0.20 0.31 0.05 0.02 
Interaction Ns Ns Ns Ns 
LSD 1.00 1.54 0.28 0.07 
CV%  7.92 5.62 9.12 2.43 
U.Gana=Upper gana; DM= Dry matter; CP= Crude protein; NDF=Neutral detergent fiber; 
ADL=Acid detergent lignin; ME=Metabolizable energy(MJ/kg); SE= Standard error; 







4.2.2  In vitro digestibility of sweet lupine forage  
 
In vitro organic matter digestibility (IVOMD) of sweet lupine forage was significantly affected 
(P < 0.01) by both location (L) and planting spacing (S) (Table 7). The four way interaction of 
location (L), varity (V), planting spacing (S)  and stage of flowering (SF) for In vitro organic 
matter digestibility (IVOMD)  was not significant (p>0.05) and was not presented in the table. 
 
Table 7: Effects of location and spacing on in-vitro organic matter digestibility of sweet lupine 
forage   
Factor IVOMD 
Location  















CV%  3.17 
U.Gana=Upper gana; IVOMD =In-vitro organic matter digestibility percent; SE= Standard 
error; LSD=Least significant difference; CV=Coefficient of variation; NS= Non significant 
 
Sweet lupine forage gave the maximum in vitro OM digestibility (68.15%) in Upper gana 
kebele against the minimum in vitro OM digestibility (66.88%) at Jewe. In vitro OM 
digestibility was significantly (P < 0.01) affected by different planting spacing (Table 7). 






the lowest in vitro OM digestibility (66.50%) at 30cm×7cm planting spacing. The maximum in 
vitro OM digestibility was recorded at wider and the minimum at the narrow planting spacing. 
These results were in agreement with those of Graybill et al. (1991), who reported that the 
digestibility of related forages increased with decreasing plant density. These differences in 
digestibility may be related to morphological and anatomical characteristics of the plant tissues 
(Wilson et al., 1989). An inverse relation was observed between digestibility and lignin content 
(Barton et al., 1976). This might be due to the higher fiber and lignin proportion in the plant 
which prevents the physical attachments of rumen bacteria to plant cell wall, resist microbial 
enzyme attack and degradation, and hence reduces digestibility (Van Soest, 1982; McDonald et 
al., 2002). The higher leaf to stem ratio under wider planting pattern causes differences in 
digestibility of forage compared to narrow spacing because of lower rate of lignification in the 
leaf and accelerated rate of lignification in the stem component (Kabuga and Darko, 1993). 
Moor and Mott (1973) indicated that digestibility value more than 65% indicate good nutritive 
value and that below the recommended level result in reduced intake due to lowered 
digestibility. Thus, all in vitro OM digestibility values recorded at both locations and mean 
value obtained at planting spacing of 40cmx20cm were above the recommended level of 65% 
which is indicative of a good nutritive value. 
 
4.3 Yield and Yield Components of Sweet Lupine 
 
The effect of location on plant height, pod length and number of seeds per pod, grain yield and 
hundred seed weight was highly significant (P<0.01). The effect of variety on hundred seed 
weight was highly significant (P<0.01) whereas the effect of planting spacing on number of 
pods per plant was highly significant (p<0.01).The three way interaction of location (L), 
variety (V) and planting spacing(S) on plant height, pod length, number of seeds per pod, grain 








Table 8: Effects of location, spacing and their interaction on plant height, pod length, number 
of pods per plant, number of seeds per pod, grain and straw yield and hundred seed weight 
Factor PHM PL PP SP GYD HSW 
Location       
U. gana 105.32a 4.90a 52.31 4.88a 2.98a 14.58a 
Jewe 77.51b 3.72b 55.45 4.50
b 2.15b 11.83b 
P-value <0.0001 <0.0001 0.2828 <0.0001 <0.0001 <0.0001 
SE(±) 1.74 0.03 2.04 0.03 1.38 0.21 
Variety       
Vitabor 93.10 4.31 52.17 4.88 2.52 12.30b 
Sanabor 89.73 4.31 55.59 4.50 2.61 14.11a 
P-value 0.1769 0.8641 0.2430    0.2917 0.6507 <0.0001 
SE(±) 1.73 0.03 2.04 0.03 1.38 0.21 
Spacing       
30x7 94.87 4.27 35.97e 4.75 2.56 13.08 
40x7 96.31 4.35 43.41de 4.68 2.63 12.75 
30x15 86.75b 4.27 48.62cd 4.66 2.40 13.41 
40x15 86.08 4.29 55.54bc 4.61 2.33 13.75 
30x20 93.66 4.32 62.72b 4.74 2.58 12.75 
40x20 90.83 4.35 77.02a 4.71 2.87 13.50 
P-value 0.0928 0.8304 <0.0001 0.6670 0.6754 0.2884 
SE(±) 3.00 0.05 3.54 0.06 2.39 0.36 
Interaction Ns Ns Ns Ns Ns Ns 
LSD 4.94 0.09 5.83 0.11 0.39 0.60 
CV%  11.39 4.46 22.79 4.90 32.37 9.59 
U.gana=Upper gana; PHM= Plant height at maturity (cm); PL=Pod length (cm); SP= Number 
of seeds per pod; PP=Number of pods per plant; GYD=Grain yield (t/ha); HSW=Hundred seed 
weight(gm); SE= Standard error; LSD=Least significant difference; CV=Coefficient of 
variation; NS=Non significant 
 
Both sweet lupine varieties in Upper gana kebele found to be the tallest with an average height 
of 105.32 cm and relatively short in Jewe kebele (77.51cm) (Table 8). Similarly, sweet lupine 
varieties planted in Upper gana kebele gave the maximum pod length (4.90 cm) and highest 
number of seeds per pod (4.88) than planted at Jewe kebele (pod length 3.72cm and seeds per 
pod 4.50 respectively). The variation in plant height, pod length and number of seeds per pod 






height increment was consistent with plant maturity. Similar result has been also reported by 
Wouw et al. (1999).  The plant height of sweet lupine in Ethiopia at maturity reported by 
Teklay et al. (2015) ranged between 56.30 cm and 56.70 cm which were not in line with the 
plant height of this study. The same author also reported that number of seed per pod (ranges 
between 4.33 and 4.67) disagreed with this study. This may have significant impact on the 
yield of sweet lupine varieties. 
 
Planting spacing (P < 0.01) had highly significant effect on number of pods per plant. Plants 
planted at wider spacing 40cmx20cm resulted in higher pod number (77.02) compared to the 
narrower spacing 30cmx7cm (35.97). The result indicated that the number of pod per plant 
increased as the planting space increased, since sweet lupines were affected by number of 
branches. The result of the present study was similar with Likawent et al. (2012), indicated that 
narrow-leafed lupines (vitabor and sanabor) had inflorescence on all branches (main stem, 
primary, secondary and basal lateral branches). These growth habits contributed to more pods 
per plant and subsequent higher seed yield of most of the narrow-leafed lupines. 
 
The effect of location on grain (t/ha) was highly significant (P < 0.01). Sweet lupine gave the 
maximum grain (2.98t/ha) yield in Upper gana kebele against the minimum grain (2.15 t/ha) 
yield at Jewe kebele. The seed yield of narrow-leafed sweet lupines at the mid-altitude in this 
study was in line with the reports of Fraser et al. (2005) (2.86 t/ha), but higher than the findings 
of Heidel (2005) (2 t/ha) and Teklay et al. (2015) (0.32 to 0.36 t/ha).  In addition, Likawent et 
al. (2012) reported that the relatively good performance of the narrow-leafed sweet lupines at 
all locations, compared to the other species showed the wider adaptability of narrow-leafed 
sweet lupines in different growing environments.  The same authors also reported that, under 
traditional management the average grain yield of the local white lupine is 0.9 and 1.5 t/ha in 
the mid and high altitude areas of Ethiopia, respectively. According to Spencer (2002) 








The effect of location and variety on hundred seed weight had highly significant (P< 0.001), 
but their interaction effect was not significant (P>0.05). Upper gana kebele gave the highest 
hundred seed weight (14.58gm), which was followed by Jewe kebele (11.83gm). Sanabor had 
higher hundred seed weight (14.11gm) than vitabor (12.30gm). This study was numerically 
higher than Vitabor (9.07gm) and Sanabar (10.50gm) conducted in Tigray region, Ethiopia 
(Teklay et al., 2015). This could be due to the agro-ecological and edaphic divergence with 
study area.  
 
4.4 Chemical Composition and in vitro Digestibility of Sweet lupine Grain 
 
The effect of location on sweet lupine grain crude protein (CP) content and in vitro organic 
matter digestibility (IVOMD) was highly significant (P < 0.01) (Table 9). The metabolizable 
energy (ME) content of sweet lupine grain due to location was not significant (p >0.05). The 
three way interaction of location (L), varity (V) and  planting spacing (S) for  sweet lupine 
grain crude protein (CP) and metabolizable energy (ME) was not significant (p>0.05) and was 
not presented in the table. 
 
Table 9: Effects  of  location, variety, spacing and their interactions  on  crude protein and 
metabolizable energy content of sweet lupine grain 
Factor Chemical composition on DM % basis 
CP IVOMD ME 
Location    
U. gana 29.11a 80.49a 11.94 
Jewe 17.98b 78.16b 11.90 
P-value <0.0001 <0.0001 0.3045 
SE(±) 1.45 0.23 0.02 
Interaction Ns Ns Ns 
LSD 1.19 0.66 0.06 
CV%  10.65 1.76 1.18 
a,b in a row with different superscripts differ (p<0.05); U.gana=Upper gana; CP=Crude protein; 
IVOMD  =In vitro organic matter digestibility; ME(MJ/kg) =Metabolizable energy in mega 
joule per kilogram; DM =Dry matter; SE=Standard error; LSD=Least Significant Difference; 







The highest (29.11%) and the lowest (17.98%) sweet lupine grain CP content were recorded at 
Upper gana and Jewe kebeles respectively. Data on in vitro OM digestibility of sweet lupine 
grain in Upper gana kebele gave the highest in vitro OM digestibility (80.49%), than Jewe 
kebele (78.16%). The CP content of sweet lupine grain at the mid-altitude locations in this 
study was lower than the reports of Glencross (2001) (35.8%), Mohamed and Rayas-Duarte 
(1995) (38%), Mikić et al. (2009) (38.8%) and Sofia (2008) (30-40%). Hawthorne and Fromm 
(1977) also showed that lupine grain contains 86% digestible energy and 15.7 MJ ME/kg on 
DM basis which were higher than the current observation. However, the nutritional value and 
performance of white lupine can be affected by planting date and row spacing during seeding 
(Harbans et al., 2004). 
 
4.5 Pearson Correlations between Agronomic Performance and Chemical Composition 
of Sweet Lupine 
 
4.5.1 Pearson correlations between agronomic attributes and forage yield of sweet 
lupine  
 
Plant height (PH) was found to be positively correlated with days to 100% flowering and 
forage dry matter yield. Number of nodule positively correlated with days to 100% flowering 
while negatively correlated with forage dry matter yield. Forage dry matter yield (DMY) was 
positively correlated with days to 100% flowering and plant height while negatively correlated 
with number of nodules in study area (Table 10). This indicated that as the DM increased, the 
cell wall constituents also contributed for DMY increase. Moreover, the DMY and 
morphological parameters (plant height and days to 100% flowering) were positively 
correlated that showed increased DMY to be associated with tallness of plants resulting from 
better competition for radiant energy at the extended days of harvesting and higher plant 









Table 10: Pearson correlations between agronomic attributes of two sweet lupine varieties 
Variables DFF DHF PH Nodule Stand DMY 
DFF 1.00      
DHF 0.39** 1.00     
DFM 1.00** 0.39**     
PH -0.01 0.40** 1.00    
Nodule -0.07 0.36** -0.07 1.00   
Stand -0.06 0.16 0.40** -0.07 1.00  
DMY -0.12 0.20* 0.81** -0.21** 0.40** 1.00 
Level of significance: ** = P < 0.01; * = P < 0.05; DFF-=Days to 50% flowering; DHF=Days 
to 100% flowering; PH=Plant height; DMY=Forage dry matter yield 
 
4.5.2  Pearson correlations between agronomic attributes and chemical composition of 
sweet lupine forage 
 
The total ash content of sweet lupine forage was negatively correlated with days to 100% 
flowering whereas the OM content of sweet lupine forages were positively correlated with days 
to 100% flowering. Crude protein (CP) content of sweet lupine forage was positively correlated 
with days to 50% flowering while negatively correlated with days to 100% flowering and days 
to full maturity. A negative correlation was observed between total ash, CP and days to 100% 
flowering, indicating that the dilution and translocation of nutrients as the plant increased in 
age. Such results agree with other studies (Adane, 2003; Taye, 2004; Yihalem, 2004). 
 
NDF content of sweet lupine forage was positively correlated with days to 100% flowering and 
full maturity. ADF content of sweet lupine forage was negatively correlated with days to 50% 
flowering whereas positively correlated with days to full maturity. In vitro OM digestibility 
sweet lupine forage was negatively correlated with days to100% flowering. ME content of 
sweet lupine forage was negatively correlated with days to 100% flowering (Table 11). This 






resulted from increased age of the plants. These components of cell wall increased as age of 
plant increased and showed a higher association with each other (McDonald et al.,2002).  
 
Table 11: Pearson correlations between agronomic attributes and forage chemical composition 
for two sweet lupine varieties 
Variables Ash OM CP NDF ADF ADL IVOMD ME 
DFF  0.07 0.07 0.18* -0.05 -0.16* -0.01 0.11 0.08 
DHF -0.29** 0.29** -0.44** 0.26** -0.15 -0.03 -0.29** -0.17* 
DFM -0.07 0.07 -0.18* 0.18* 0.16* -0.01 0.11 0.08 
Level of significance: ** = P < 0.01; * = P < 0.05; DFF-=Days to 50% flowering; DHF=Days 
to 100% flowering; DFM=Days to full maturity; OM=Organic matter; CP=Crude protein; 
NDF=Neutral detergent fiber; ADF=Acid detergent fiber; IVOMD= In vitro organic matter 
digestibility; ME=Metabolizable energy 
 
4.5.3 Pearson correlations between agronomic attributes and grain yield of sweet lupine 
 
Grain yield (GYD) was found to be positively correlated with number of stands, plant height, 
pod length and number of seeds per pod while hundred seed weight was positively correlated 
with plant height, pod length, number of seeds per pod and grain yield. Number of seeds per 
pod was positively correlated with pod length, plant height, number of stands, grain yield and 
hundred seed weight (Table 12). The results revealed that selection for higher number of 
stands, plant height, pod length, number of seeds per pod and hundred seed weight would be 














Table 12: Pearson correlations between agronomic attributes of two sweet lupine varieties at 
maturity 
Variables Stand PH PP PL SP GYD HSW 
Stand 1.00       
PH 0.48** 1.00      
PP -0.57** 0.00 1.00     
PL 0.28* 0.76** -0.04 1.00    
SP 0.28* 0.58** -0.01 0.51** 1.00   
GYD 0.31** 0.69** 0.15 0.42** 0.42** 1.00  
HSW 0.20 0.47** 0.02 0.65** 0.42** 0.43** 1.00 
Level of significance: ** = P < 0.01; * = P < 0.05; PP= Number of pods per plant; PL=Pod 
length (cm); PH=Plant height (cm); SP=Number of seed per pod; GYD= Grain yield; 







5 SUMMARY , CONCLUSION AND RECOMMENDATIONS 
 
Days to 50% flowering and days to full maturity highly (P<0.01) affected by variety and 
planting spacing. Earlier days to 50% flowering (58.33 days) and days to full maturity (117.33 
days) were noted for variety Sanabor whereas the earlier days to 50% flowering (59.00 days) 
and days to full maturity (118.00 days) were observed at 30 cm x 15 cm and 40 cm x 15 cm 
planting spacing.  
 
Days to 100% flowering, first pod setting and pod filling highly (P< 0.01) affected by location, 
variety and planting spacing. Earlier days to 100% flowering (65.50 days), first pod setting 
(61.50 days) and pod filling (93.50 days) were observed in Jewe kebele. Similarly, sanabor had 
earlier days to 100% flowering (67.83 days), first pod setting (63.83 days) and pod filling 
(93.83 days).The planting spacing 30 cm x 15 cm and 40 cm x 15 cm had shorter days to 100% 
flowering (68.50 days), first pod setting (64.50 days) and pod filling (94.50 days). Generally, 
the days to maturity were having similar trend with days to flowering that the earlier to flower 
and also the earliest to maturity and vice versa.  
 
Plant height (PH), green forage yield (GFY) and forage dry matter yield (DMY) significantly 
(P < 0.05) affected by the interaction of location(L) and planting spacing(S) (LxS), and 
location(L) and stage of flowering (SF) (LxSF). The two way interaction effect of location and 
planting spacing (LxS) was significantly affected number of nodules. Sweet lupine varieties in 
Upper gana kebele gave the highest plant height (84.51 cm) at 30 cm x7cm planting spacing. 
When plants planted under narrow spacing between plants, interplant competition will be too 
high that the individual plant increases in height with longer internodes slender, thin and weak 
stalks due to poor light exposure and hence poor photosynthetic product. Sweet lupine varieties 
in Upper gana kebele had the highest plant height (85.73 cm) at stage 100% flowering. This 
physiological change could be due to massive root development and efficient nutrient uptake 







The nodule number per quadrant, which determines the nitrogen fixation capacity of the plants, 
had highly significant (P < 0.01) variation due to the effect of location and planting spacing 
(LxS). The higher nodules number per quadrant (207.70) was observed in upper gana kebele at 
30 cm x 15 cm planting spacing. All the nodules collected in experimental sites were with 
white interiors were ineffective which need inoculation with symbiotic bacteria. The rate of 
accumulation of nitrogen is not the same during all stages of growth, with the greatest intensity 
during flowering, formation and growth of the sheath, to decrease during grain filling. In 
addition, soil type represented an important factor on the nodulation, affecting significantly the 
dry weight of nodules per plant.  
 
Two way interaction of location (L) and planting spacing (S) (LxS) and location ( L) and  stage 
of flowering(SF) (LxSF) highly affected (P <0.01) green forage yield and forage dry matter 
yield. Sweet lupine varieties in Upper gana kebele gave the highest green forage yield (39.58 
t/ha) at 30 cm x 7cm planting spacing whereas sweet lupine varieties had the highest green 
forage yield (37.37 t/ha) in Upper gana kebele at stage of 100% flowering. This variation in 
green forage yield could be due to differences in the growth environment, plant population and 
stage of flowering for sweet lupine varieties. Sweet lupine varieties in upper gana kebele gave 
the highest forage dry matter yield (4.84 t/ha) at 30 cm x 7cm planting spacing while sweet 
lupine varieties had the highest forage dry matter yield (4.85 t/ha) in Upper gana kebele at 
stage 100% flowering. This variation in forage dry matter yield could be due to differences in 
the growth environment, planting spacing and the lupine varieties evaluated.  
 
Two way interaction of location (L) and stage of flowering (SF) (LxSF) highly affected (P 
<0.01) the organic matter (OM), acid detergent fiber (ADF) and total ash content of sweet 
lupine forage whereas two way interaction of location and variety (V) (LxV) highly affected (P 
<0.01) the dry matter (DM) and acid detergent fiber (ADF) content of sweet lupine forage. 
Vitabor in Jewe kebele gave higher forage DM content (15.63%) whereas sanabor had higher 
forage ADF content (38.86 %) in Upper gana kebele. Organic matter (OM), acid detergent 
fiber (ADF) and total ash content of sweet lupines forage were highly influenced (P<0.01) by 
the interaction effect of location and stage of flowering (LxSF). Sweet lupine forage in Jewe 






Similarly, sweet lupine forage in Jewe kebele gave the highest acid detergent fiber content 
(37.50 %) at stage of 100 % flowering. Generally, increasing trends in acid detergent fiber 
content was with advance in harvesting days. Moreover, the rise in acid detergent fiber 
concentration that occurred with plant maturity associated with decrease in leaf to stem ratio. 
Total ash content of sweet lupine forage highly (P< 0.01) affected by location and stage of 
flowering. The highest forage total ash content (16.64 %) was obtained in Upper gana kebele at 
stage of 50% flowering. This indicated that, forage total ash content decreased as the 
harvesting days of plant advanced. The decline of total ash with maturity might be due to 
natural dilution and translocation of nutrients during the growth and development of plant 
tissue.  
 
Sweet lupine forage crude protein (CP) content was highly (P < 0.01) affected by location, 
planting spacing and stage of flowering. The neutral detergent fiber (NDF) content of sweet 
lupine forage due to location was highly significant (P< 0.01).The effect of planting spacing 
and stage of flowering on sweet lupine forage acid detergent lignin (ADL) content was 
significant (p< 0.05). Metabolizable energy content of sweet lupine forage was significantly (P 
< 0.01) affected by both location and stage of flowering. Sweet lupine forage in Upper gana 
kebele gave the highest CP content (23.11%) whereas sweet lupine varieties at 50% flowering 
had the highest forage CP content (23.03%). The highest forage CP content was recorded in 
sweet lupine which was planted at 40 cm × 20 cm (23.67 %). This is due to the dilution of the 
CP content by an increase in structural carbohydrate content of forage materials harvested at 
late maturity. The highest forage CP content (23.67%) was recorded in sweet lupine which was 
planted at 40cm×20cm compared to the other treatments. This indicated that, the higher CP 
content in plants harvested at wider spacing between rows and plants might be attributed to 
higher absorption of nitrogen available in the soil with low competition as compared to higher 
plant density under narrow spacing.  
 
The highest (48.74%) NDF contents were recorded at Jewe kebele while the highest (5.67%) 
mean forage ADL contents were observed at 100% stage of flowering. This indicates that 






longer, there is a greater need for structural tissue by increased proportion of stem that has 
higher structural carbohydrates (cellulose and hemicelluloses) and lignin and the upper leaves 
produced by older plants appear to be of more lignified than earlier produced leaves.  
The highest forage ADL content was recorded in sweet lupine which was planted at 30 cm × 7 
cm (5.61%) and 40 cm x 7 cm (5.60%) compared to 40 cm x 20 cm (5.17%). The lower 
concentration of soluble carbohydrate replaced by the insoluble cell wall part due to early 
maturity of plants under the narrow spacing in turn increased the lignin content of the plant.  
 
The highest metabolizable energy content (9.31MJ/kg) was obtained in Jewe kebele whereas 
higher (9.44MJ/kg) was recorded at 100% flowering stage.  As the plants grow longer, there is 
a greater need for structural tissue by increased proportion of stem that has higher structural 
carbohydrates (cellulose and hemicelluloses) there by affect the metabolizable energy content 
of the plant. In vitro organic matter digestibility (IVOMD) of sweet lupine forage was 
significantly affected (P < 0.01) by both location (L) and planting spacing (S). Sweet lupine 
forage gave the maximum in vitro OM digestibility (68.15%) in Upper gana kebele. In vitro 
OM digestibility was significantly (P < 0.01) affected by different planting spacing. Planting at 
a spacing of 40x20 cm gave the highest in vitro OM digestibility (69.10%) while the maximum 
in vitro OM digestibility was recorded at wider and the minimum at the narrow planting 
spacing. The higher leaf to stem ratio under wider planting pattern causes differences in 
digestibility of forage compared to narrow spacing because of lower rate of lignification in the 
leaf and accelerated rate of lignification in the stem component. 
 
Plant height (PHM), pod length and number of seeds per pod, grain yield and hundred seed 
weight was highly (P<0.01) affected by location.  Hundred seed weight (HSW) significantly 
(P< 0.01) affected by variety whereas number of pods per plant significantly (P< 0.01) planting 
spacing. Sweet lupine varieties in Upper gana kebele found to be the tallest with an average 
height of 105.32 cm. Similarly, sweet lupine varieties planted in Upper gana kebele gave the 
maximum pod length (4.90 cm) and highest number of seeds per pod (4.88). The variation in 
plant height, pod length and number of seeds per pod between locations associated with the 






plant maturity. Plants planted at wider spacing 40cmx20cm resulted in higher pod number 
(77.02). This indicated that the number of pod per plant increased as the planting space 
increased, since sweet lupines were affected by number of branches rather than number of 
tillers. Moreover, narrow-leafed lupines (vitabor and sanabor) had inflorescence on all 
branches i.e. main stem; primary, secondary and basal lateral branches). Sweet lupine gave the 
maximum grain (2.98t/ha) yield in Upper gana kebele. This indicated that, relatively good 
performance of the narrow-leafed sweet lupines at all locations, compared to the other species 
showed the wider adaptability of narrow-leafed sweet lupines in different growing 
environments. In addition, compared to white and yellow lupines, narrow-leafed sweet lupine 
can grow in different soil types. The effect of location and variety on hundred seed weight had 
highly significant (P< 0.001).  Upper gana kebele gave the highest hundred seed weight 
(14.58gm) and sanabor had higher hundred seed weight (14.11gm). This could be due to the 
agro-ecological and edaphic divergence with study area.  
 
Sweet lupine grain crude protein (CP) content was highly (P < 0.01) affected by location. The 
highest (29.11%) sweet lupine grain CP content was recorded at Upper gana whereas in vitro 
OM digestibility of sweet lupine grain in Upper gana kebele gave the highest in vitro OM 
digestibility (80.49%). The nutritional value and performance of white lupine can be affected 
by planting date and row spacing during seeding. 
 
From this study, it is suggested that further study be conducted in relation to the following 
points;  
1. The study was a one season experiment and carried out only at two locations representing 
the research district. Thus, the trial needs to be conducted for more years across a range of 
environments (over location) involving these sweet lupine varieties, planting spacing, and 
stage of flowering to recommend for optimum yield and quality more precisely and 
conclusively. 
2. Nodules that have been actively fixing nitrogen have a red or pink interior while nodules 






were white in color. Thus, the sweet lupine varieties should be inoculated with 
Bradyrhizobium sp to increase green forage and grain yield in the study area.  
3. The magnitude of improvement in the yield and quality of sweet lupine green forage and 
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